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(54) NOVEL 1,3-DIALKYLUREA DERIVATIVES 

(57) The present invention relates to compounds represented by the formula [I] and salts thereof, wherein R 1 and 
R each represents carboxyl, phosphonic or a derivative thereof; R 2 represents hydrogen, lower alkyl, (substituted) 
phenyl lower alkyl, lower alkoxy or (substituted) phenyl lower alkoxy; R 3 represents lower alkyl or (substituted) phenyl 
lower alkyl; and R 4 represents a group represented by the formula [XI], [XII] or [XIII]. The compounds of the present 
invention have endopeptkJase 24. 1 1 inhibitory activity and are useful for treating cardiovascular diseases such as heart 
failure and hypertension, renal diseases such as renal failure, gastroenteric disorders such as diarrhea and hyperchlo- 
rhydria. endocrine and metabolic diseases such as obesity, and autoimmune diseases such as rheumatic disease, and 
for mitigating myosalgia. migraine, etc. 
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Description 
TECHNICAL FIELD 

The present invention relates to a novel 1,3<Jialkylurea derivative which has inhibitory effects on endopeptidase 
24.1 1 and is useful as therapeutic agents for cardiovascular diseases such as heart failure and hypertension, renal dis- 
eases such as renal failure, gastroenteric disorders such as diarrhea and hyperchlorhydria, endocrine and metabolic 
diseases such as obesity, and autoimmune diseases such as rheumatic disease, and as analgestics for myosalgia, 
migraine, etc. The novel 1 ,3-diaIkylurea derivative has a group wherein a plurality of aromatic monocyclic hydrocarbons 
are combined or condensed, such as biphenylyl group and naphthyl group, and has carboxyl group(s) and/or phos- 
phonic group(s) which are introduced into aach terminal end of both aikylene chains. 

BACKGROUND ART 

Endopeptidase 24.11, which is one of neutral endopeptidases, is metal-containing neutral peptidase which is 
required to contain zinc in its active center and it is also called enkephalinase or an antigen of acute lymphoblast leuke- 
mia (CD10). 

Endopeptidase 24.1 1 is an enzyme which distributes widely, for example, in kidney, lung, central nervous system, 
intestinal canal, neutrophil, f foroblast, vascular endothelial cell, etc. and hydrolyzes various physiologically active pep^ 
tides such as artial natriuretic polypeptide (ANP), enkephalins bradykinin and substance P Accordingly, the enzyme is 
known to take part in various biofunctions and to exhibit various therapeutic effects by inhibiting the above-mentioned 
enzymatic activity. 

These effects are exemplified by an effect on cardiovascular diseases such as heart failure indicating symptoms of 
edema and hypertension, an effect on renal diseases such as renal failure indicating symptom of edema or an increase 
of ascites, an effect on gastroenteric disorders such as diarrhea and hyperchlorhydria. an analgestic effect, an effect on 
endocrine and metabolic diseases such as obesity, and an effect on autoimmune diseases such as rheumatic disease. 

Substances inhibiting endopeptidase 24.1 1 are described below in more detail. 

The following effects of compounds inhibiting endopeptidase 24.1 1 have been observed. An increasing effect of 
total urine volume and urinary sodium excretion has been observed on heart failure models by rapid ventricular pacing 
method (J. Cardiovasc. Pharmacol., 19, 635-640 (1992)). An increasing effect of urinary ANP excretion and urinary 
cyclic GMP excretion has been observed (J. Pharmacol. Exp. Ther., 266, 872-883 (1993)). A hypotensive effect has 
been observed using spontaneously hypertensive rats or deoxycorticosteron acetate induced hypertensive rats (J. 
Pharmacol. Exp. Ther., 265, 1339-1347 (1993)). An increasing effect of urinary sodium excretion has been observed 
using rats subjected to five-sixths renal ablation (Circ. Res., £5. 640-646 (1989). An inhibitory effect, which is derived 
from the effect on the central nervous system, upon pentagastrin-stimulated gastric secretion has been observed (Eur. 
J. Pharmacol., 154, 247-254 (1988). An improvement effect of acute diarrhea caused by castor oil has been observed 
(Gut, 23, 753-758 (1 992)). An analgestic effect has been observed by the tail-withdrawal test and the hotplate jump test 
(Nature. 288, 286-288 (1980). In addition, since bonbesin (Proc. Natl. Acad. Sci., 88, 10662-10666 (1991)), which is 
known as one of substrates of endopeptidase 24.11, has been reported to reduce food intake (J. Clin. Endocrinol. 
Metab., Z6. 1495-1498 (1993)), a compound inhibiting endopeptidase 24.1 1 is expected to be a therapeutic agent for 
endocrine and metabolic disease such as obesity. Since an endopeptidase 24.1 1 activity in blood and synovial fluid has 
been reported to be higher in patients with rheumatoid arthritis than in healthy men and patients with osteoarthritis 
(Rheumatol. Int., 13, 1-4 (1993)), a compound inhibiting endopeptidase 24.11 is expected to be a therapeutic agent for 
autoimmune cfisease where an immune function is lowered such as rheumatic disease. 

On the other hand, a structural feature of the present invention is that carboxyl group(s) and/or phosphonic group(s) 
are introduced into each terminal end of both aikylene chains of 1 , 3-dialkylurea and further a group wherein a plurality 
of aromatic monocyclic hydrocarbons are combined or condensed, such as biphenylyl group and naphthyl group is 
introduced into the aikylene chains. Prior art is described below from the standpoint of the chemical structure. 

It has been reported that 1, 3-dialkylurea derivatives wherein a carboxyl group is introduced at the end of one 
aikylene chain have angiotensin II antagonistic effect (Laid-open Japanese Patent Publication Nos. 6-72985 and 6- 
184086). It has been reported that 1, 3-dialkylurea derivatives wherein carboxyl groups are introduced at the ends of 
both aikylene chains inhibit an angiotensin-converting enzyme (Laid-open Japanese Patent Publication No. 58-55451). 
It has also been reported that amino acid derivatives containing a nitrogen atom located at the 3rd position of 1-(car- 
boxyalkylamino)urea derivatives inhibit an activity of enkephalinase (Examined Japanese Patent Publication No. 3- 
79339). However, none of than disclose a compound wherein a biphenyl group or a naphthyl group is introduced into 
an aikylene chain of a 1 ,3-dialkylurea derivative. 

It is reported that an alkylurea derivative containing a biphenylyl group or a naphthyl group can be used as an agent 
for inhibiting allergy (Laid-open Japanese Patent Publication No. 62-294650) and a bronchodilator (U.S. Patent No. 
5,066,658). It is also reported that a compound wherein a terminal end of an aikylene chain is a hydroxarric group inhib- 
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its biosynthesis of leukotnene because it has a lipoxygenase inhibition activity (WO90/08545) tt is also reported that 
an analogue of a luteinizing hormone releasing hormone controls a level of a sex hormone (Laid-open Japanese Patent 
Publication No. 3-81292). However, none of them disclose a compound wherein carboxyl group(s) and/or phosphonic 
group(s) are introduced into each terminal end of both alkylene chains of a 1 .3-dialkylurea derivative having a bipheny 
lyl group or a naphthyl group. 

h Jt m 5[ rtioned above ' vari0us studies have been for *• 1 .3-dialkylurea derivatives, but there has never been 
studied aboutanurea derivative wherein carboxyl groups) and/or phosphonic groups) are introduced into each termi- 
nal end of both alkylene chains and. furthermore, a group wherein a plurality of aromatic monocyclic hydrocarbons are 
combined or condensed is introduced into one alkylene group. It was a very interesting subject to synthesize such com- 
pounds and to examine their pharmacological effects, particularty their effects on endopeptidase 24 11 

The present inventors have paid attention tc the alkylene chains of the 1 . 3-dialkylurea derivative, synthesized a 
novel urea derivative wherein carboxyl group(s) and/or phosphonic group(s) are introduced into each terminal end of 
both alkylene chains and. furthermore, a group wherein a plurality of aromatic monocyclic hydrocarbons are combined 
or condensed is introduced into one alkylene group and then studied about the pharmacological effects thereof 

As a result of the study using N-dansyl-D-alanyl-glycyl-p-nitrophenylalanyl-glycine. which is known as a substrate 
of endopeptidase 24.1 1 . it has been found that the novel urea derivatives wherein carboxyl group(s) and/or phosphonic 
group(s) are introduced into each terminal end of both alkylene chains and. furthermore, a group wherein a plurality of 
aromatic monocyclic hydrocarbons are combined or condensed is introduced into one alkylene group have high inhib- 
itory activities to endopeptidase 24. 1 1 . 

DISCLOSURE OF THE INVENTION 

The present invention relates to a compound represented by the following general formula f n and a salt thereof 
(hereinafter referred to as a "present compound"). 

R 2 R 3 

° < A) v 



35 



[wherein R 1 represents a carboxyl group which can be converted into an ester, an amide or a hydroxamic add or 
a phosphonic group which can be converted into an ester; 

R 2 represents a hydrogen atom, a lower alkyl group, a phenyl lower alkyl group, a lower alkoxy group or a phenyl 
40 lower, alkoxy group, and each phenyl ring of the phenyl lower alkyl group and the phenyl lower alkoxy group can be 
substituted by a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy 
group, a nitro group, an amino group or a lower alkylamino group; 

R represents a tower alkyl group or a phenyl lower alkyl group, and the phenyl ring of the phenyl lower alkyl group 
can be substituted by a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group or a lower alkylen- 
45 edioxy group; 7 

R* represents a carboxyl group which can be converted into an ester, an amide or a hydroxamic acid or a phos- 
phonic group which can be converted into an ester; 

R 4 represents a group represented by the following general formula [XI], [XIIJ or [XIII]; 

50 
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so wherein 



R 6 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy groups a lower alkoxy group, a lower 
alkylenedioxy group, a nitro group, an amino group or a lower alkylamino group; 

R represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy groups a lower alkoxy group, a lower 
alkylenedioxy group, a nitro group, an amino group, a lower alkylamino group, a phenyl group which can be substi- 
tuted by a substituent or a naphthyl group which can be substituted by a substituent, and the above substituent rep- 
resents a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy group, a 
nitro group, an amino group or a lower alkylamino group; 

R 8 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower 
alkylenedioxy group, a nitro group, an amino group or a lower alkylamino group; 

R represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy grou& a lower alkoxy group, a lower 
alkylenedioxy group, a nitro group, an amino group, a lower alkylamino group, a phenyl group which can be substi- 
tuted by a substituent or a naphthyl group which can be substituted by a substituent, and the above substituent rep- 
resents a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy group, a 
nitro group, an amino group or a lower alkylamino group; 

R 10 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 
lower alkylenedioxy group, a nitro group, an amino group, a lower alkylamino group, a phenyl group which can be 
substituted by a substituent or a naphthyl group which can be substituted by a substituent, and the above substitu- 
ent represents a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy 
group, a nitro group, an amino group or a lower alkylamino group; 
to *A" represents a lower alkylene group; 
H n" represents 0 or 1. 

The same shall be applied hereinafter.] 
The groups defined above will be described in detail. 
45 Examples of the halogen atom include fluorine, chlorine, bromine and iodine. Examples of the lower alkyl include 
straight-chain or branched alkyl having 1 to 6 carbon atoms, such as methyl, ethyl, propyl, butyl, hexyl, isopropyl, iso- 
butyl, isopentyl, tert-butyl or (dimethyl)ethyl. Examples of the lower alkoxy include straight-chain or branched alkoxy 
having 1 to 6 carbon atoms, such as methoxy, ethoxy, propoxy, butoxy. hexyloxy, isopropoxy or tert-butoxy Examples of 
the lower alkylenedioxy include alkylenedioxy wherein a straight<hain or branched alkylene having 1 to 6 carbon atoms 
is present between two oxygen atoms, such as methylenedioxy, ethylenedioxy. (dimethyl)methylenedioxy or (die- 
thyl) methylenedioxy. % 

Examples of the ester of carboxylic acid include those which are normally used as the ester of carboxylic acid for 
example, lower alkyl ester such as methyl ester, ethyl ester, butyl ester, hexyl ester; isopropyl ester, isobutyl ester or tert- 
butyl ester; lower alkanoylamino-lower alkyl ester such as acetylaminomethyl ester, acetylaminoethyl ester propio- 
nylaminomethyl ester or propionylaminoethyl ester; phenyl lower alkyl ester such as benzyl ester; phenyl lower alkyl 
ester such as benzyl ester; phenyl ester, methoxyphenyl ester, acetamidophenyl ester, indanyl ester and the like Exam- 
ples of the lower alkanoyl include straight-chain or branched alkanoyl having 2 to 6 carbon atoms, such as acetyl pro- 
pionyl, butyryl, valeryl. isobutyryl. isovaleryl or pivaloyl. Examples of the ester of phosphonic acid include those which 
are used as the ester of phosphonic acid, such as methyl ester, ethyl ester, hexyl ester, isopropyl ester or tert-toutyl 



5 



EP 0 798 291 A1 



ester. Examples of the amide include those which are normally used as the amide of carboxytic acid such as amide 
with ammonia amide with a lower alkylamine (e.g. methylamine. dimethylamine. ethylamine. etc.) or amide with a phe- 
nyl lower alkylamine (e.g. benzylamine. etc.). imiuewnnapne 

Exan^L^htl^nT^ 6 " 1 ?T Und may be 3ny pharmaCeUtically acceptable saft. and is not specifically limited, 
f 32S llf dl t 8 San "I an ' nor9anic acid < e * hydrochloric acid, nitric acid, sulfuric acid. etc.). a salt with 
a alkaline metal or an alkaline earth metal (e.g. sodium, potassium, calcium, etc.). an ammonium salt and a Sit wrth 
an organic amine (e.g. diethylamine. triethanolamine. etc.). 

in thp liUlfn^" 1 ^ ~ m P° und . used as a dru 9. for the purpose of promoting absorption and improving long activity 
LTh^T * "J S,ab "' Z " 19 P^ 9 " 0 "' Nation 01 * P«**ug (e.g. esterification of a cartx>xylic acS) and a 
SJS^Z! HL H f,Vat,Ve ^ 38 3 SyntheSiS intermediate «" «* a * Production means. Accordingly, the car- 
a^n^in^ 

Among the present compounds, preferred examples include the fallowings 

bJfn^*? ° f tf l! abWe 9eneral f ° rmU,a 1,1 wherein R1 and R5 « e the «me or different and represent a car- 
2eKr T 3 ,0Wef ^ ^ 3 ^ ^"oylamino-lower alky, este, a phenyl lower 

2121^^ est « r ^ an aster; a carboxyl group which can be converted into an amide with ammonia a 

2S£i7^ "Jit!!"*?"" 8lky,amine: 8 Ca *° Xy1 9,0UP "•** 08,1 be converted into a "Vdroxamic acid; o a 
P k !f , flr0up 080 be converted int0 a lower a,kyl «**; and each phenyl ring of the phenyl lower alM ester 
oro^Tlo TZ? ^ a,kybmine ta Subs ^ ed ^ a halogen atom, a lower S 
toZ'lL™ ^ 2 "^aWenedioxy 9roup. a nitro group, an amino group, a lower aJ^inogroup^ 
lower alkanoylammo group; R 2 represents a hydrogen atom, a lower alkyl group, a phenyl lower aikyl group aTowe* 
altoxy group or a phenyl tower altoxy group, and each phenyl ring of the phenyl lower^lky. group and*,! Z<* kZ 
alkoxy group can be substituted by a halogen atom, a lower alkyl group, a hydroxy group^a tower alkoxy group a kZ 
SZSETJET 8 iT* " amin ° *"» ° f 3 8,k * 8mino group;^ represents a loT**?^ 
and *• *T* *" « *» ph6nyl ,Wrer *°*> ™ be * a haSgen atom, a 

ZTJ^^t hydroxy group, a lower alkoxy group or a lower alkylenedioxy group; R 4 represents a group repre- 

SS^l ! ? eneral formula P* m or W ( wherein R6 and R 8 are the same or afferent and represe^rt a 
S^nffL' ^ at0m - 8 l0Wer a ' M 9r0UP ' 8 ■?* 8 lower **** a tower alkyienedoxy 

senTa LtlT rr 9 T ° f 8 1°™ a,kylamin ° 9TOUP: R ' R9 «"» R, ° 8re the ««• ^ differentand rep** 
2? «™ ' 8 0960 at0m ' 8 ' Wer a "* 1 9r0Up> 8 9rou P' a lower altox y 9 r oup. a lower alkylenecfi- 

ZSSSk JTZEKZl ^^k 8 l0 T 8,kyl8min0 9,0UP ' 8 phen >" 9rou P *** <*" ba substituted by a 
ooeTatom ? i222 9 it™ SUb$ti,Uted by 8 a "d the above substituent represents a hal- 

S iZ?^ M Z?*' hydr0Xy Sr ° UP ' 8 ,OWer altox y Sroup. a lower alkylenedioxy group, a nitro group, an 
amino group or a lower alkylamino group); "A" represents a lower alkylene group; and V, represents 0 or 1. and sate 

J™" 9 * 0 ^ 6 b8lon9in9 to k the compound (a) and salts thereof, the following compounds are particularly preferred 
pan ^wSSSZi Tr^T^T (8) ' ^ rGpreSentS a group represented by the above genera, formula [JJ 
KS !^ 8 hydro9e ? 1 8t om °r a ni «ro group; R 7 represents a hydrogen atom, a halogen atom 

li^Z^Z^y "** 9 0U9, 8 'T 8,k0xy 9roup ' 8 nitro g 10 ^' an amino group or a phenyl group > and R» 
SSs Sf ^ r09en at ° m: ^ R repreSen,S 8 hydr09en 8tom ' 8 h8,09en 8tom or 8 'owar aLwoup) and 

rXinorZnTwntrS?^ ^ T^T (8)> R ' repreSen,S 8 9r0Up Rented by the above general formula [XI). 
LlleS^n" f 8 hydr09en 8,0m W 8 n'tjogroup; R represents a hydrogen atom, a halogen atom 

a ^l 9 0UP ' 8 ,0Wer 8 ' toXy 9rOUp ° f a P"^ 1 gro"P: R 8 and R^ each represents a hydrogen atom; and R 1 ° re- 
resents a hydrogen atom, a halogen atom or a lower alkoxy group), and salts thereof anon rep 

pherClW 3uT m ^?oh n th H T mp ° und (8) V R4 ^ents a biphenyty. group, a f luorobiphenylyl group, a ch.orobi- 
na k#k i ^ "^^^ SW a methoxybiphenylyl group, a nitrobiphenylyl group, a terphenylyl group a 
napWhylphenyl group, a naphthy. group, a bromonaphthy. group or a methoxynaphthy. group and sa^ts thereoT 
«r rviin^T ^ herein> in oo'r'P 01 "^ < a ). R 4 represents a group represented by the above general formula fXIl 

l^ora o rZ^ eS H , So a hydf09en at ° m; R represente 8 rvdrogen atom, a halogen atom, a toweTalkoxy 
group or a phenyl group; and R 0 represents a hydrogen atom or a lower alkoxy group), and salts thereof 

binh^T^!!? r? 6 ' 6 ?' '"J? COmP ° Und (8) ' R4 represerrts 8 bi P hen y | y | group- a f luorobiphenylyl group, a methoxy- 
biphenylyl group, a terphenylyl group, a naphthyl group or a methoxynaphthyl group, and salts thereof 

b^J^T^T"- C ° mP0Und (a) " RZ represente 8 r^rogen atom, a lower alkyl group, a phenyl lower 
alkyl group, a lower alkoxy group or a phenyl lower alkyl group, and safts thereof 

n . n ^? 1P0Und ^f 6 " 1 ; in the compound (a). R 2 represents a hydrogen atom, an isopentyl group, a benzyl group a 
phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group, and SteVhereof ^ 
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A compound wherein, in the compound (a), R 1 represents a carboxyl group which can be converted into a lower 
alkyl ester, a lower alkanoylamino-lower alkyl ester, a phenyl lower alkyl ester, a lower alkoxyphenyl ester, a lower 
alkanoylaminophenyl ester or an indanyl ester; a carboxyl group which can be converted into an amide with ammonia; 
a carboxyl group which can be converted into a hydroxamic acid; or a phosphonic group which can be converted into a 
5 lower alkyl ester; and R 5 represents a carboxyl group which can be converted into a lower alkyl ester, a lower 
alkanoylamino-lower alkyl ester, a phenyl lower alkyl ester, a lower alkoxyphenyl ester, a lower alkanoylaminophenyl 
ester or an indanyl ester; a carboxyl group which can be converted into an amide with ammonia; or a carboxyl group 
which can be converted into a hydroxamic acid, and salts thereof. 

A compound wherein, in the compound (a), R 1 represents a carboxyl group which can be converted into a lower 
w alkyl ester, a lower alkanoylamino-lower alkyl ester, a phenyl lower alkyl ester, a lower alkoxyphenyl ester, a lower 
alkanoylaminophenyl ester or an indanyl ester; a carboxyl group which can be converted into a hydroxamic acid; or a 
phosphonic group which can be converted into a lower alkyl ester; and R 5 represents a carboxyl group which can be 
converted into a lower alky! ester, a phenyl lower alkyl ester or a lower alkanoylaminophenyl ester, and salts thereof. 

A compound wherein, in the compound (a), R 1 represents a carboxyl group which can be converted into an ethyl 
is ester, a butyl ester, an isopropyl ester, an isobutyl ester, a tert-butyl ester, an acetamidoethyl ester, a benzyl ester, a 
methoxyphenyl ester, an acetarnidophenyl ester or an indanyl ester; a carboxyl group which can be converted into a 
hydroxamic acid; or a phosphonic group which can be converted into an ethyl ester; and R 5 represents a carboxyl group 
which can be converted into a methyl ester, a benzyl ester or an acetarnidophenyl ester, and salts thereof. 

A compound wherein, in the compound (a), R 1 represents a carboxyl group which can be converted into a lower 
20 alkyl ester, a phenyl lower alkyl ester, a lower alkoxyphenyl ester or an indanyl ester; and R 5 represents a carboxyl 
group which can be converted into a lower alkyl ester or a phenyl lower alkyl ester, and salts thereof. 

A compound wherein, in the compound (a), R 1 represents a carboxyl group which can be converted into an ethyl 
ester, a butyl ester, an isopropyl ester, an isobutyl ester, a tert-butyl ester, a benzyl ester, a methoxyphenyl ester or an 
indanyl ester; and R 5 represents a carboxyl group which can be converted into a methyl ester or a benzyl ester, and 
25 salts thereof. 

A compound wherein, in the compound (a). R 3 represents a lower alkyl group or a phenyl lower alkyl group; and R 4 
represents a group represented by the above genera! formula [XIJ, [XII] or [XIII] (wherein R 6 represents a hydrogen 
atom or a nitro group; R 7 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower 
alkoxy group, a nitro group, an amino group or a phenyl group; R 8 and R 9 each represents a hydrogen atom; and R 10 
30 represents a hydrogen atom, a halogen atom or a lower a!koxy group), and salts thereof. 

A compound wherein, in the compound (a), R 3 represents a lower alkyl group; and R 4 represents a group repre- 
sented by the above general formula [XI], [XII] or [XIII] (wherein R 6 represents a hydrogen atom or a nitro group; R 7 rep- 
resents a hydrogen atom, a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group; R 8 and R 9 each 
represents a hydrogen atom; and R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group), and salts 
35 thereof. 

A compound wherein, in the compound (a), R 3 represents an isobutyl group; and R 4 represents a biphenylyl group, 
afluorobiphenylyl group, a chlorobiphenylyl group, methylbiphenylyl group, a methoxybiphenylyl group, a nitrobipheny- 
lyl group, a terphenylyl group, a naphthylphenyl group, a naphthyl group, a bromonaphthyl group a a methoxynaphthyl 
group, and salts thereof. 

40 A compound wherein, in the compound (a), R 3 represents a lower alkyl group; and R 4 represents a group repre- 
sented by the above general formula [XI] or [XIII] (wherein R 6 represents a hydrogen atom; R 7 represents a hydrogen 
atom, a halogen atom, a lower alkoxy group or a phenyl group; and R 10 represents a hydrogen atom or a lower alkoxy 
group), and salts thereof. 

A compound wherein, in the compound (a), R 3 represents an isobutyl group; and R 4 represents a biphenylyl group, 
45 a f luorobiphenylyl group, a methoxybiphenylyl group, a terphenylyl group, a naphthyl group or a methoxynaphthyl group, 
and salts thereof. 

A compound wherein, in the compound (a). R 2 represents a hydrogen atom, a lower alkyl group, a phenyl lower 
alkyl group, a lower alkoxy group or a phenyl lower alkoxy group; R 3 represents a lower alkyl group or a phenyl lower 
alkyl group; and R 4 represents a group represented by the above general formula [XI], [XII] or [XIII] (wherein R 6 repre- 

so sents a hydrogen atom or a nitro group; R 7 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy 
group, a lower alkoxy group, a nitro group, an amino group or a phenyl group; R 8 and R 9 each represents a hydrogen 
atom; and R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group), and salts thereof. 

A compound wherein,, in the compound (a). R 2 represents a hydrogen atom, a lower alkyl group, a phenyl lower 
alkyl group or a phenyl lower alkoxy group; R 3 represents a lower alkyl group; and R 4 represents a group represented 

55 by the above general formula [XQ. [XII] or [XIII] (wherein R 6 represents a hydrogen atom or a nitro group; R 7 represents 
a hydrogen atom, a halogen atom, a lower alky! group, a lower alkoxy group or a phenyl group; R 8 and R 9 each repre- 
sents a hydrogen atom; and R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group), and salts 
thereof. 

A compound wherein, in the compound (a), R 2 represents a hydrogen atom, an isopentyl group, a benzyl group, a 
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phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group; R 3 represents an isobutvl „r«, «• and 



Preferred examples of the present compound include the followings 

Lter aTlTJL^ , ^ , W ^ 6Ster ' a ,ower alkanoylaminoJower alkyl ester, a phenyl lower alky! 
T^ZtZ -2 ™ 7 SSter - 8 ,0Wer alkan< Vamin0Phenyl ester or an indanyl ester, a cafcoxyl group 

S?hS° »»» an amin ° 9™P or a phenyl group; R« and R* each rep/esentea h>2S aSnv £S7 

s^rsr^^ 

toZ^ZZ^^T , i tem3ylam ' n °' lower ^ ester - a P" 6 ^" '°wer alkyl ester, a lower alkoxyphenyl ester a 
T tS a 9roup represented by the above general formula [XII. [Xin or Willi (wherein mr-eL*** 

indanvl ester- r2 r^IThZ. . tert.-butyl ester, a benzyl ester, a methoxyphenyl ester or an 
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fluorobiphenylyl group, a methoxybiphenylyl group, a terphenylyl group, a naphthyl group or a methoxynaphthyl group; 
R represents a carboxyl group which can be converted into a methyl ester or a benzyl ester; and "A" represents a 
methylene group, and salts thereof. 

Preferred examples of the present compound include 3K4*iphenylyl)-2^3-(2<arboxyethyl)-3-isobutylureido]propi- 
onic acid (formula [II] described hereinafter). 3^iphenyly1)-2-(3-(2Karboxy-5-me%lhexyl)-3-isobutylureido]propionic 
acid (formula [HQ described hereinafter). 3^4*ipheny1yl)-2-[3-(2<aiboxy-4i3heny1butyl)-3-isobutylureido]propionic 
acid (formula [IV] described hereinafter). 2-[3-(2-benzyloxy-2^iboxyethyl)-3-isvbutylureido]-3-(4-biphenytyl)propionic 
acid (formula [V] described hereinafter). 2-[3-(2-carboxyethyl)-3-isobutylureido)-3-(2-naphthyl)propionic acid (formula 
[VI) descnbed hereinafter). 2^3-(2-rarboxy-4-phenylbutyl)-3-isobutylureido]-3-(2 naphthyl)propionic acid (formula [VII] 
described hereinafter), salts thereof, single diastereo isomers thereof, optical isomers thereof and, furthermore (2S)- 
3 (4*iphenylyl)-2-[3-(2-txrtoxycart»nyto^^ acid (formula [XIV] described hereinafter) and 

salts thereof. 
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This method compnses reacting a compound represented by the general formula [VIIIJ with 1,V-carbonyldiimida- 
20 le in the presence of a base such as imidazole to lead to a compound of the general formula [IX]. reacting the result- 
ant com^und with a compound of the general formula [X] to form an urea, thereby obtaining the present compound 
(general formula 10). Incidentally, some of the compound represented by the general formula [VIII] can be synthesized 
from tyrosine by a method reported by Shieh et al. (J. Org. Chem.. 57. 379-381 (1992)). or synthesized through an 
azide body using a method reported by Evans et al. (J. Am. Chem. Soo. Iflg, 6881 -6883 (1987)) 

If necessary, the carboxyl group can be converted into an ester or an amide by using a conventional method To the 
contrary, the ester or amide can be hydrolyzed by using a conventional method, to form a carboxylic acid 

If necessary, the carboxyl group can be converted into an ester or an amide and the phosphonic group can be con- 
verted into an ester by using a conventional method. To the contrary, the ester or amide can be hydrolyzed by using a 
conventional method, to form a carboxylic acid or a phosphonic acid. 

The compound obtained by the above method can be converted into the salts described above by a conventional 
metnoa. 

Diastereo isomers and optical isomers are present in the compound represented by the general formula [I], and 
they are included .n the present invention. When using an optically active raw material, a single diastereo isomer and a 
single optical isomer are obtained. On the other hand, when using a racemic body as the raw material, each isomer can 
be separated by using a conventional method, for example, a method of using a reagent for optical resolution The 
present compound may take the form of a hydrate. 

In order to examine the utility of the present compound, studies were made on an action of the present compound 
to endopeptidase >24.i 1 . The details will be shown at the item of the pharmacological test described hereinafter. N-Dan- 
syl-D-alanylglycyl-p-nrtrophenylalanyl-glycine known as a substrate of endopeptidase 24.1 1 was used in the study. As 
a result, the present compound exhibited strong inhibition activity to endopeptidase 24 1 1 

Endopeptidase 24.1 1 . which is one of neutral endopeptidases. is an enzyme which exists in the living body and is 
concerned in various biofunctions. H has already been reported that the compounds inhibiting endopeptidase 24 11 
increase total urine volume, urinary sodium excretion, urinary ANP excretion and urinary cyclic GMP excretion in heart 
failure models (J. Cardiovasc. Pharmacol.. 1& 635*40 (1992). J. Pharmacol. Exp. Ther.. ggg, 872*83 (1993)) that 
they exhibit a hypotensive effect in hypertensive models (J. Pharmacol. Exp. Ther.. ggg. 1339-1347 (1993)) that thev 
increase urinary sodium excretion in models with renal ablation (Circ. Res.. 65. 640-646 (1989). that they 'exhibit an 

%Z ^mTZ?^"*! "J"*"" (GUt ' a 753 756 (1992)) - and ** ,h9 * "** an anal 9 estic Mature. 

ul b6en rep ° rted ** bonbesin reduces ^ ''™ake (J. Clin. Endocrinol. Metab.. 
76. 1495-1498 (1993)) is hydrolysed by endopeptidase 24.11 (Proc. Natl. Acad. Sci.,88. 10662-10666(1991)) and that 
an endopeptidase 24J1 activity in Wood and synovial fluid of patients with rheumatoid arthritis is distinctly high (Rheu- 
matol. Int.. m 1-4 (1993)). Therefore, the compounds inhibiting endopeptidase 24.1 1 are expected to have wide med- 
1? f e ,w? theraf *l utic agents for Avascular diseases such as heart failure and hypertension, renal diseases such 
as renal failure, gastroentenc disorders such as diarrhea and hyperchlorhydria. endocrine and metabolic diseases such 
as obesity, and autoimmune diseases such as rheumatic disease, and as analgestics for pains such as myosalgia and 

miyroinc. 

As mentioned above, the present compound exhibits the excellent inhibitory effect on endopeptidase 24 11 and is 
useful for various diseases in which endopeptidase 24. 1 1 is concerned. 
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itorv ^££2.^222 £ I* PreSent C ° mP0Und °" the ^ensine^onverting enzyme, an excellent inhib- 
rtory activity was observed. This result suggests that the present compound is particularly useful as theraoeutic aoents 
for cardiovascular disease such as heart failure and hypertension. tnerapeutic agents 

granule" SS SEfJ? It f*? ^ ^ °' Examp,es of dosa 9 e forms are «** 

granule, powder, .njectron. etc The present compound can be formulated into preparations by the conventionalmeth- 

atirs^asTa^ 

allydrfuent such as lactose, crystalline cellulose or starch; lubricant such as magnesium stearate or talc- binder s.irh 

stitX^ y1Cel, "'° S ! Z Pyrr0,i *" e; 3 diSinte9ra,0r SUCh as «**^ Sr^ySe uSe oMo^^ 

^e d^Z^^'^r 1 ^ a9en< SUCh 38 Mroxypropylmethyteenulose" maaogo. or silicon TrSn 
The dose of the present compound can beselected suitably according to the symptom age dosaae form andthe 

BEST MODE FOR CARRYING OUT THE INVENTION 

. n ° f prepa ^ ,ions and Emulations of the compounds of the invention are shown below These examples 
do not limrt the scope of the invention, but are intended to make the invention more clearly urxleXndaS 

Preparation of Compounds 
Reference Example 1 

Benzyl (2S)-2-amino-3-(4-biphenylyl)propionate hydrochloride (reference compound No. 1-1) 



oyrLine M ?2» JST^"^^™ benzy ' •** (1 ° 9) in chlorida <« <"» * added 

m2 mh ? ""■If' 6 B St,rred - T ° <he teaG6on mixture fe added trifluoromethanesulfonic anhydride 

^IStSTJT ^ fof °" e h0Ur Under ice - coolin 9- To *• reaction nle 

^ Wat h ^ and ^ * hole ,s extracted "I" methylene chloride. The organic layer is sequentially washed with 0 1 
Nsod.um hydrox.de anda10% aqueous citric acid solution, dried over anhydrous magnesium suLteaScTcen 
traced ,n vacuo The oily residue is purified by siNca gel column chromatography to give SZS^^SEE 
butoxycarbonyK4-trrfluoromethanesulfonyloxy).L-phenylalanine benzyl ester 

mp 60.0-60.9°C 

[a] D 20 -10.8° (c=1.0. methanol) 

IR(KBr. cm" 1 ) 3402. 2984. 1743. 1690. 1521. 1424. 1250. 1201. 1143. 1012. 902, 639 

2) To a solution of *Mert,butoxycarbonyH4-^ b 

Phenylbonc acrd (435 mg) and potassium carbonate (370 mg) in toluene (18 ml)t aoS 1^^^ 

T U T <5 ° m9> 3 nHr09en ■*«'*■'* ™« mixture is stirred at ScVSoSTS!^ 
«0. to me reacton mixture e added water, and the whole is extracted with ethyl acetate TeTgan^ laySt 
s^uenjally washed wrth a saturated sodium bicarbonate solution, a 10% aqueous citric add soS a* a £tu 

vT^Zl X **T; a " hydr ° US ms * nesium a " d concentrated in vaZ Tn^ £Z 

Kf ue ,s purrf ,ed by sihca gel column chromatography to give 553 mg (71 .6%) of benzyl (2S)-3-(4-bphenyJyl) 2-ter?- 
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butoxycarbonylaminopropionate. 

mp 98.3-1 00. 1°C 

Nd 20 -8.2° (c=0.52. methanol) 

IR(KBr, cm 1 ) 3369, 2983, 1747, 1684, 1514, 1488, 1250. 1168. 1008, 763, 695 

3) To a solution of benzyl (2S)-3-(443iphenylyl)-2-tert.^utoxycarbonylaminopropionate (500 mg) in ethyl acetate 
(2.3 ml) is added 4.1 N hydrochloric acid/ethyl acetate (2.8 ml). The mixture is stirred at room temperature for two 
hours and 40 minutes. The reaction mixture is concentrated in vacuo to give 378 mg (88.6%) of the titled compound 
(reference compound No. 1 -1). mp 235.0-236.2°C (decomp.) 

[aJ D 20 -22.0° (c=1.0, methanol) 

IR(KBr, cm- 1 ) 3152, 2798, 2673, 1746, 1606, 1492, 1372, 1233, 1194, 761, 696 
The following compounds can be prepared by a method similar to Reference Example 1. 
Benzyl (2S)-2-amirx>-3-[4^4^luoro)biphenylyr]propionate hydrochloride (reference compound No. 1-2) 

mp 244.0-245.5°C (decomp.) 
[a] D 20 -19.2° (coi.o, methanol) 

IR (KBr, cm 1 ) 3155, 3000, 2800, 2009, 1746, 1607, 1493, 1233, 1194, 1158. 823, 803, 747, 699, 567, 548 
Benzyl (2S)-2-amino-3-[4-(4 , -chloro)biphenylyl]propionate hydrochloride (reference compound No. 1-3) 

mp 225.0-228.5°C (decomp.) 
(a] D 20 -15.8° (c=0.36. methanol) 

IR (KBr. cm" 1 ) 2850. 1746. 1486. 1372. 1234, 1 142. 1095. 940 

Benzyl (2S)-2-amino-3-[4-(4 , -methyl)biphenyly0propionate hydrochloride (reference compound No. 1-4) 

mp 240°C (decomp.) 

[a] D 20 -22.1° (c=0.98, methanol) 

IR (KBr, cm* 1 ) 3145, 2797, 1747, 1493, 1372. 1234. 1 194, 802, 697 
Benzyl (2S)-2-amino-3-[4^3 , -methoxy)biphenylyl]propionate hydrochloride (reference compound No. 1-5) 

mp 21 3.0-21 4.5°C (decomp.) 
[a] D 20 -1 7.9° (c=1 .0, methanol) 

IR (KBr, cm 1 ) 3149, 2834, 1749. 1608, 1496, 1406, 1219, 1141, 1058 
Benzyl (2S)-2-amino-3-[4-(2-methoxy)biphenylyl]propionate hydrochloride (reference compound No. 1-6) 

mp 183.0-1 89.5°C (decomp.) 
[afo 20 -18.3° (c=0.48. methanol) 

IR (KBr, cm* 1 ) 3155. 2849, 2646, 1737, 1496, 1435, 1262, 1231, 1205 
Benzyl (2S)-2-amino-3-[4-(2-nitro)biphenylyl]propionate hydrochloride (reference compound No. 1-7) 

mp 100°C (decomp.) 

[a] D 20 -1 5.5° (c=0.98, methanol) 

IR (KBr. cm* 1 ) 3406. 3299, 2865. 1749. 1530. 1347. 1235. 757. 694 
Benzyl (2RS)-2-amino-3-(3-biphenylyl)propionate hydrochloride (reference compound No. 1-8) 
mp117.0-121.5°C 

IR (KBr. cm* 1 ) 2863. 1964, 1744, 1575, 1506, 1227 
Benzyl(2S)-2-amino-3-(1, V:4\ r-terphenyl-4-yl)propionate hydrochloride (reference compound No. 1-9) 
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mp 280°C (decomp.) 

Wo 20 -6.5° (c=0.32, dimethyl sulfoxide) 

IR (KBr. cm 1 ) 3148. 3003. 2801. 2676. 1746. 1493. 1372. 1233. 761. 697 

• Benzyl (2S)-2-amino-3-(1. V2\ r-terphenyl-4-y|)propionate hydrochloride (reference compound No. 1-10) 

mp1 67.0-1 68.2°C 

[a] D 20 +2.6° (c-1.1, methanol) 

IR (KBr. cm" 1 ) 3397. 2912. 2000. 1744. 1641. 1590, 1499. 1259. 748. 739 

• Benzyl (2S)-2-amino-3-[4-(2-naphthyl)phenylJpropion3te hydrochloride (reference compound No. 1 -1 1 ) 

mp 222.0-223.0°C (decomp.) 
[a] D 20 -23.6° (c=1.0. methanol) 

IR (KBr. cm 1 ) 3148. 2852. 1747. 1492. 1371. 1233. 940. 840. 802. 745. 697 

• Benzyl (2S)-2-amino-3-[4-(1 -naprrthyl)phenyf)propionate hydrochloride (reference compound No. 1-12) 

mp169.2-170.5°C 

(o] D 20 -15.3" (c=1.0. methanol) 

IR (KBr, cm* 1 ) 3149. 2856, 2012. 1747. 1514. 1490. 1375. 1239. 1 199. 792. 698 

• Benzyl pSJ^-amino-S-K^-methyl^-njtroJbiphenylyf] propionate hydrochloride (reference compound No. 1-13) 

• Benzyl (2S)-2-amino-3-[4-<4'-hydroxy)biphenylyfJpropionate hydrochloride (reference compound No 1 -14) 

• Benzyl (2S)-2-amino-3-f4-(4'-methoxy)biphenylyl]propionate hydrochloride (reference compound No 1-15) 

• Benzyl (2S)-2-amino-3-[4-{4 , -nHro)biphenylyripropionate hydrochloride (reference compound No 1 -16) 

• Benzyl (2S)-2-amino-3-[4-(3 , -nitro)biphenylyl]propionate hydrochloride (reference compound No. 1-17) 

Reference Example 2 

(2S)-2-Azido-3-[2-(1-bromo)naphthyl]propionic acid (reference compound No. 2-1) 




1) To a solution of N-ethykfiisopropylamine (560 ul) and pivaloyl chloride (340 pi) in tetrahydrofuran (3 ml) is added 
a solution of 3-{2-(1-bromo)naphthy0propionic acid (1 .0 g) in tetrahydrofuran (4 ml) dropwise while stirring under a 
nrtrogen atmosphere and dryice-cooling. The mixture is further stirred under ice-cooling for one hour. To a solution 
of 4-benzyloxazolidine-2-one (478 mg) in tetrahydrofuran (10 ml) is added 1.6 M n-butyl lithium/hexane (1 69 ml) 
dropw.se wh.le stirring under a nitrogen atmosphere and dryice-cooling. The mixture is further stirred under dryice- 
coolmg for 25 mmutes. To the latter reaction mixture is added the former reaction mixture dropwise while stirring 
under a nrtrogen atmosphere and dryice-cooling. The mixture is further stirred under ice-cooling for 75 minutes To 
the reaction mixture is added water, and the obtained mixture is concentrated in vacuo. To the oily residue is added 

5 Wh0 ' e 1 T atil6d ^ diGthyl * her - ™ e or9anic la * er is washed with a ^turated sodium chloride 
solution dned over anhydrous sodium sulfate and concentrated in vacuo to give 907 mg (77%) of (4S)-4-benzyl-3- 
[3-[2-(1-brorno)naphthyl]propionyl]oxazolidine-2-one. ' ^^-oenzyi o 

mp 101.7-103.5°C 

[a] D 20 +80.4°(c=0. 17. methanol) . ... 

IR (KBr, cm" 1 ) 2995. 1781. 1699. 1390. 1205. 823. 804. 766. 741 
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2) To a solution of (4S)-4-benzy|.3-[3-[2-(1-bromo)naphthy0propionyl]oxazolidine-2-one (877 mg) in tetrahydro- 
furan (30 ml) are added 0.5 M potassium hexamethyldisilylazide/toluene (4.2 ml) and a solution of 2, 4. 6-triisopro- 
pylbenzenesuHonylazide (774 mg) in tetrahydrofuran (3 ml) under a nitrogen atmosphere and dryice-cooling The 
^" r o e '! St "' ed . for *"0 minutes. To the reaction mixture is added acetic acid (527 pi) and the mixture is stirred at 
35-40 C for 30 minutes. The reaction mixture is extracted with methylene chloride. The organic layer is sequentially 
washed with a saturated sodium bicarbonate solution and a saturated sodium chloride solution, dried over anhy- 
drous sodium sulfate and concentrated in vacuo. The oily residue is purified by silica gel column chromatography 

to give 902 mg (94%) of (4S-)-3-[2-azido-3-[2-(1-bromo)naphthyf] P ropionyl]-4-benzyloxazolidine-2-one as amor- 
pnous powder. 

[aJo 20 +80.6° (e=1.0. methanol) 

IR (KBr. cm 1 ) 3304. 3028. 2963. 2108. 1781. 1704. 1390. 1212. 1111. 811. 754, 702 

3) To a solution of (4S)-3-[2-azido-3-(2-(1.bromo)naphthy0propiony0-4*enzy1oxazolidine-2-one (825 mg) in tet- 
rahydrofuran (5 ml)-water (1.2 ml) is added lithium hydroxide monohydrate (124 mg) in 30% hydrogen peroxide 
(836 pj) under ice-cooling. The mixture is stirred for three hours. To the reaction mixture is added 1 M sodium sul- 
fate. The mixture is stirred and concentrated in vacua The oily residue is acidified with 6 N hydrochloric acid and 
the whole « extracted with chloroform The organic layer is dried over anhydrous sodium sulfate and concentrated 
in vacua The oily residue is purified by silica gel column chromatography to give 41 1 mg (87%) of the titled com- 
pound (reference compound Na 2-1). 1 ' 

mp 84.2-91 .5°C 

[oJ D 20 -85.6° (c=1.0. methanol) 

IR (KBr. cm" 1 ) 2900. 2132. 1722. 1424. 1287. 1221. 899. 806. 747 
The following compound can be prepared by a method similar to Reference Example 2. 
• (2S)-2-Azdo-3-(2-(6-methoxy)naphthyl]propionic acid (reference compound No. 2-2) 

mp 11 1.8-1 15.6°C 

[afo 20 -48.8° (c=0.53, methanol) 

IR (KBr. cm 1 ) 2969. 2126. 1720. 1605. 1266, 1224. 1 193. 1 158. 1025. 857. 818 
Reference Example 3 

Methyl (2S)-2-arrtno-3-(2-(1-bromo)naphthyl]propionate hydrochloride (reference compound No. 3-1) 




l^nn^S 1 < 2 ^^ 3 -f 2 -(^ OTO )'^ hth ynpropionic add (reference compound No. 2-1. 460 mg) in 
IS *h 1 P-toluenesuHonic acid monohydrate (273 mg). The mixture is ref luxed for one hour. After 

cooling, the reaction mixture is concentrated in vacuo. The oily residue is purified by silica gel column chromatog- 
raphy to give methyl (2S)-2-azido-3-[2-(1-bromo)naphthyl]propionate. cnromatog 

(a] D 20 -45.1" (c=1.0. methanol) 

IR (film, cm" 1 ) 3294. 3056. 2957. 2113. 1745. 1599. 1557. 1502. 1440. 1261. 1209. 814. 748 

fi^lL 39 1? iS , add6d t0 3 S ° ,Uti0n 0< methyl ( 2S )- 2 " azi do-3-{2-(1-bromo)naphthy0propionate (364 mg) and 
tnphenyjhosphine (428 mg) in tetrahydrofuran (10 ml). The mixture is stirred at room temperature for 2.5 houra 
The reaction mixture is concentrated in vacuo, and the oily residue is dissolved in tetrahydrofuran (10 ml). To the 
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solution are added triethylamine (250 nl) and di-tert.-butyl dicarbonate (250 M l) under ice-cooling. The mixture is 
stoned at room temperature for two hours and refluxed for three hours. The reaction mixture is concentrated in 
vacuo. To the oily res.due is added a 10% aqueous citric acid solution, and the whole is extracted with ethyl acetate 
The organic layer is sequentially washed with water and a saturated sodium chloride solution, dried over an 
5 hydrous sodium sulfate and concentrated in vacuo. The oily residue is purified by silica gel column chromatography 
I ??TJT h * (2S )- 3 •I 2 ^ 1 * romd )^ Wn y , ^ 2 • t er1.^oxycart)onylaminc)propionate. The compound is dissolved in 
4.1 N hydrochloric acid/ethyl acetate (3 ml). The solution is stirred at room temperature overnight. The reaction mix- 
ture is concentrated in vacuo to give 71 mg (19%) of the titled compound (reference compound No. 3-1). 

'0 mp 208-21 3°C(decomp.) 

[et] D 20 -35.6° (c=0.047. dimethyl sulfoxide) 

IR (KBr. cm' 1 ) 3381. 2949. 2828. 2631. 2031. 1750, 1502. 1445. 1234. 742 
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Reference Example 4 

Benzyl (2Sh2-amino-3-[2-(6-methoxy)naphthyQpropionatep-toluenesutfonate (reference compound No. 4-1) 



20 



25 H3C 



XX 



SC3H I >Q 




OCH3 



30 



35 



40 



To a solution of (2S)-2-azido-3-[2-(6-methoxy)naphthy0propionic acid (reterence compound No. 2-2 495 mq) in tot- 
rahydrofuran (20 ml)-1 N hydrochloric acid (3 ml) is added 5% palladium on activated carbon (50 mg) under a nitrogen 
atmosphere. The mixture is stirred under a hydrogen atmosphere for one hour and 40 minutes. The palladium on acti- 
vated carbon .s removed by Celite filtration and the filtrate is concentrated in vacuo. Theoily residue is dissolved in ben- 
zene (18 mr) To the solution are added p*>luenesu«onic acid monohydrate (273 mg) and benzyl alcohol (3.8 ml). The 
mixture is refluxed for four hours. After cooling, the reaction mixture is concentrated in vacuo to give 621 1 mg (67%) of 
the titled compound (reference compound No. 4-1). 

mp 193.0-1 98.4°C 

[a] D 20 -26.2° (c=0.51 . methanol) 

IR (KBr. cm 1 ) 3361, 3033. 2958. 1732. 1651. 1505. 1265. 1175. 752. 698 
Example 1 

Benzyl (2S)-3-(4-biphenWyl)-2-(3-(2-emoxycaibonylethyl)-3-isobutylureido]propionate (compound No. 1-1) 



45 



so 



ro 



55 




Tetrahydrofuran (1 4 ml) is added to a mixture of benzyl (2S)-2^mino-3-(4-biphenylyl)propionate hydrochloride (ret- 
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erence compound No. 1-1, 1 g), 1. V-carbonyldiimidazole (529 mg) and imidazole (185 mg) under a nitrogen atmos- 
phere. The mixture is stirred at room temperature for 20 minutes. To the reaction mixture is added ethyl 3-{N- 
isobutyl)aminopropionate hydrochloride (599 mg). The mixture is refluxed for one hour. After cooling, to the reaction 
mixture is added a 10% aqueous citric acid solution, and the whole is extracted with diethyl ether. The organic layer is 
sequentially washed with water and a saturated sodium chloride solution, dried over an hydrous magnesium sulfate and 
concentrated in vacuo. The oily residue is purified by silica gel column chromatography to.give 1 .42 g (98%) of the titled 
compound (compound No. 1-1). 

[a] D 20 -26.8° (c=1.0, methanol) 

IR (film, cm* 1 ) 3350, 3030, 2959, 2871, 1732, 1651, 1519, 1455. 1188 

The following compounds can be prepared by a method similar to Example 1 . 

• Benzyl (2S)-3-(4-biphenylyl)-2-[3-(2-tert.-butoxycartx)nylethy (compound No. 1 -2) 

[a] D 20 -23.9° (c=0.98, methanol) 

IR (film, cm" 1 ) 3350, 3029, 2961, 1726. 1644, 1519, 1487, 1455 

• Benzyl (2S)-2-p-(2-benzylaxycarbonyte^^ (compound No. 1 -3) 

[a] D 20 -29.9° (c=0.29, methanol) 

I R (film, cm' 1 ) 3447, 3030. 2958. 1733, 1651, 1516, 1487, 1386. 1259. 1173. 756. 698 

• Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2^ (com . 
pound No. 1-4) 

[a] D 20 -19.4° (c=1.1, methanol) 

IR (film, cm" 1 ) 3448, 3359, 2957, 2869, 1723, 1651, 1511. 1152, 1008, 846, 757, 698 

• Benzyl (2S)-3-(4-biphenylyl)-2-p^ 
pound No. 1-5) 

[a] D 20 -1 1 .6° (c=0.52, chloroform) 

IR (film, cm" 1 ) 3448. 3360. 2961, 1724. 1650, 1514, 1455, 1368, 1253. 1152 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-ett (compound 
No. 1-6) 

[a] D 20 -23.2° (c=0.53. methanol) 

IR (film, cm 1 ) 3447, 2957, 1729, 1650, 1513, 1454, 1256, 1185, 757, 698 

Benzyl (2S)-3-(4-biphenylyl)-2-[3^ (com . 
pound No. 1-7) 

[a] D 20 -21.2° (c=1 .0, methanol) 

IR (film, cm' 1 ) 3448. 3358. 2959, 1723, 1650, 1511, 1454, 1256. 1150. 757, 698 

Benzyl ^2-[3-[(2RS)-2-benzyloxycarbonyU-phen^ (com. 
pound No. 1-8) 

[a] D 20 -20.3° (c=0.049, methanol) 

IR (film, cm* 1 ) 3445. 3029. 2956. 1733. 1653. 1509. 1454. 1385, 1174. 754. 698 

Benzyl (2S)-3-(4-biphenylyl)-2-p-[(2RS)-2-tert^ 
pound No. 1-9) 

[<x] D 20 -29.5° (c=0.073. methanol) 
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IR (film, cm"') 3366. 3028. 2958. 1722. 1651. 1505. 1367. 1152. 758. 698 

Benzyl (2S)-3-(44}iphenylyl).2-[3-[(2R^ (com . 
pound No. 1-10) 

[a] D 20 -20.1° (c=0.63. methanol) 

IR (film, cm" 1 ) 3363, 2933. 1723. 1652, 1510. 1367, 1153, 756, 698 
M D 20 -15.2° (c=1.0, chloroform) 

IR (film, cnv 1 ) 3342, 2957, 1742, 1657, 1514, 1455, 1251, 1172, 1114, 754, 698 
Benzyl (2S)-2-[3-(2-ben 2 yloxyc^^ (compound No. 

[a] D 20 -27.9° (c=0.48, methanol) 

IR (film, cm' 1 ) 3359, 3032, 2958, 1736, 1650, 1498, 1455, 1386, 1173, 1008, 819, 752, 698 
M Gn i^J 2S) " 2W (compound 
[a] D 20 -1 7.8° (c=0.29, chloroform) 

IR (film, cm" 1 ) 3789. 3659. 2960. 1732. 1651. 1504. 1486. 1215. 1142. 1006 
!^ 14 J 2 ^" 2 " P " P " benz ^^ (compound 
(a] D 20 -28.3° (c=1 .4. methanol) 

IR (film, cm 1 ) 3447. 3030. 2958. 1731. 1645. 1501, 1182. 910. 809. 734. 699 

No?15? S) ' 2 ' I3 ' (2 ^^ 
NoTl6? S) ' 2 [3 (2 bera ^^ 
[a] D 20 -15.4° (c=0.74. chloroform) 

IR (film, cnr 1 ) 3360. 3065, 2959, 1731, 1649, 1516. 1455. 1179 
Benzyl (2S)-2-(3-(2-benzyloxycartx)fiyle%l)-3-isobutylureido]-3-[4-(2-nitro)W^^ (compound No. 

(a] D 20 -38.6° (c=0.093. methanol) 

IR (film, cm 1 ) 2959, 1732. 1644. 1531. 1359. 1 175, 756. 699 

Benzyl (2RS)-2-t3-(2*enzyloxy(aitx>nyle%l)-3-isobulyl U reido]-3^34)iphenyly0propionate (compound No. 1-18) 
IR (film, cnr 1 ) 3364. 2957. 1 734. 1 648. 1 51 2. 1 1 73. 755. 698 

No"?19) S ) " 2 "^^ 2 " beraylo ^ M ^ n ^^)- 3 - isobu, y |ur eidoJ-3-(1. 1':4\ 1"-terpheny1-4-yl)prcpionate (compound 
mp96.0-99.0°C 

[«] D 20 -20.1° (c=0.51. chloroform) . 

IR (KBr. cm" 1 ) 3385. 2954. 1734. 1626, 1519. 1366. 1291 
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Benzyl (2S)-2-[3-(2-benzyloxycarbonylethyl)-3HSObutylureido]-3-(l. V5", r-terphenyl-4-yl)propionate (conpound 
No. 1-20) 

W D 20 -1 7.8° (c=0.67, methanol) 

IR (film, cm* 1 ) 3368. 3032, 2958. 2362. 1733. 1651. 1514, 1475. 1386. 746. 699 
Benzyl (2S)-2-[3-(2-benzyloxyc*rbonylethy^^ (compound No. 



[a] D 20 -22.5° (c=0.48. chloroform) 

IR (film, cm" 1 ) 3350, 3032, 2958, 1735, 1651, 1502, 1 173. 751. 698 
Benzyl (2S)-2-[3-(2-benzyloxycarbonylethyl)-3-is^^ (compound No. 



[a] D 20 -28.3° (c=0.1 7, methanol) 

IR (film, cm' 1 ) 3446. 2957, 1732, 1644. 1514. 1455. 1386, 1173. 779. 697 
Benzyl (2S)-2-[3-(2-ethoxy«ubonyle^ (compound No. 1-23) 

[a] D 20 -28.7° (c=0.98, chloroform) 

IR (film, cm" 1 ) 3349. 2959. 1732, 1651. 1510. 1455, 1377. 1342. 1 186, 747. 698 
Benzyl (2S)-2-[3-(2-benzylaxycart>onyleth^ (compound No. 1 -24) 

[a] D 20 -24.1° (c=1 .1 . methanol) 

IR (film, cm 1 ) 3355. 2957. 1735. 1649. 1509. 1172 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-eto^^ (compound 
No. 1-25) 

Benzyl (2S)-2-[3-[(2RS)-2-tert.-butoxy<arbon^ (com . 
pound No. 1-26) 

Wd 20 -20.5° (c=0.50. chloroform) 

IR (film, cm 1 ) 3445. 3361. 2958. 1718. 1653, 1507. 1454, 1367, 1 150. 747, 698 

Benzyl (2S)-2-[3-[(2RS)-2-benzyloxy-2-benzylox^ (com- 
pound No. 1-27) 

[a] D 20 -21.8° (c=0.98, chloroform) 

IR (film, cm" 1 ) 3343. 3062, 2958, 1742, 1651, 1511. 1455, 1175, 1115 

Methyl (2S)-2-[3-(2-benzyloxycarbonyl^ (compound No. 

1 -28) 

IR (film, cnr 1 ) 3366. 2955, 1732, 1644. 1519. 1176. 1074, 1029, 1002. 816, 750, 698 

Benzyl (2S)-2-[3-(2-benzyloxycartx>nyle%l)^ (compound 
No. 1-29) 

[a] D 20 -26.2° (c=0.51, methanol) 

IR (film. cnV 1 ) 3361. 3033. 2958, 1732, 1651, 1607. 1505. 1265. 1 175. 853. 753. 698 
Benzyl (2S)-2-[3-(2-benzyloxycarbony1e%l)-3-^ No ^ 30) 

fa] D 20 -32.5° (c=1.0. methanol) 

IR (film, cm 1 ) 3368, 2958, 1736. 1650, 151 1, 1455. 1386, 1 174, 753. 698 
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• Benzyl (2S)-3-(4-biphenylyl)-2-[3-(2^iethox^ (compound No. 1-31) 

[a] D 20 -18.5° (c=1.0. chloroform) 

IR (film, cm* 1 ) 3349, 3030. 2959. 2358. 1741. 1644, 1520. 1487, 1408. 1388, 1368, 1186. 1028, 970. 759. 698 

• Ethyl (2S)-3-(4-biphenylyl)-2-[3-(2-tert-buto^ (compound No. 1 -32) 

• tert.-Butyl (2S)-3-(4-biphenylyl)-2-[3-(2-ethoxy^ (compound No. 1 -33) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxyrarbony^ (compound No. 
1-34) 

• ten-Butyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-ethox^^ (com- 
pound No. 1-35) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycarto^ (com- 
pound No. 1-36) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycart)onyl-2-isobutoxyethyl]-3- (com- 
pound No. 1-37) 

• tert.-Butyl (2S)-3K4-biphenylyl)-2-[3-[(2RS)-2-etho (com- 
pound No. 1-38) 

• Ethyl (2S)-3-{4-biphenylyl)-2-I3^ (com- 
pound No. 1-39) 

• Ethyl (2S)-2-[3-[(2RS)-2-benzyloxycarbonyl-4-phenylbutyl]-3-isobutylureido]-3-(4 (com- 
pound No. 1-40) 

• tert.-Butyl (2S)-3-(4-b*phenylyl)-2-[3-[(2RS)-2^ (com- 
pound No. 1-41) 

• tert.-Butyl (2S)-2-[3-[(2RS)-2-benzyloxycato^ 
pound No. 1-42) 

• Benzyl (2S)-2^3-(2-benzy!oxycartx>nyle^ (com- 
pound No. 1-43) 

• Benzyl (2S)-2-[3-(2-benzyloxyrartonyletr^ (compound 
No. 1-44) 

• Benzyl (2S)-2-[3-(2-benzyloxycart>onylethy^ (compound 
No. 1-45) 

• Benzyl (2S)-2-[3-(2^enzyloxycarbonyle^ (compound No. 
1-46) 

• Benzyl (2S)-2-[3-(2*enzylaxycarbonylethyO^ (compound No. 
1-47) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzylaxycart^^ 
(compound No. 1-48) 

• Benzyl (2S)-2-p-[(2RS)-2-benzyloxycarbontf 
ate (compound No. 1-49) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycart)onyl^ 

ate (compound No. 1-50) v 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycartonyL 
lyljpropionate (compound No. 1 -51 ) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycarto^ 
ate (compound No. 1-52) 

• Benzyl (2S^2-[3-[(2RS)-2-benzyloxycartx>nyl-4^ 
onate (compound No. 1-53) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycartx>nyl^ 
onate (compound No. 1 -54) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycarbonyl-4-^ 
onate (compound No. 1-55) 

• Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycato^ 
(compound No. 1-56) 

• Benzyl (2S)-2^3-[(2RS)-2-benzyloxy<»rbonyl-4^ 
(compound No. 1-57) 

• Benzyl (2S)-2-[3^(2RS)-2-benzyloxyc^onyl-4-ph^ 
(compound No. 1-58) 

• Benzyl (2RS)-2^3-[(2RS)-2-benzyloxy<»rb^ (corn- 
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pound No. 1-59) 

Benzyl (2S)-2-[3-[(2RS)-24>enzy!oxy^ V:4 . r-terphenyl-4-yl)propi- 

onate (compound No. 1-60) 

Benzyl (2S)-243-[(2RS)-2-benzy!cwycarto^ V:2 . r-terphenyl-4-yl)propi- 

onate (compound No. 1-61) 

Benzyl (2S)-2-[3-[(2RS)-2-benzyloxy<*r^^ 

(compound No. 1-62) 

Benzyl (2S)-2-[3-[(2RS)-2-berizyloxy(»rbonyl-4-phenylbutyl]-3-isobutylurejdo]-3-[4^ 
(compound No. 1-63) 

tert.-Butyl (2S)-2-[3-[(2RS)-2-ethoxycarbonyl-4-ph (com- 
pound No. 1-64) 

Methyl (2S)-2-[3-[(2RS)-2-benzyloxy(*rtx>nyl^ 

(compound No. 1-65) . 
Benzyl (2S)-2-[3-[(2RS)-2-beruyloxyc*to^ 
ate (compound No. 1-66) 

Benzyl (2S)«2-[3-[(2RS)-2-benzyloxy<*rtx)nyl-4-ph^ (com- 
pound No. 1-67) 

Benzyl (2S)-2-[3-[(2RS)-2-benzyloxycaibon^ (com . 
pound No. 1*68) 

Berizyl (2S)-2-[3-[(2RS)-2-benz^ 
No. 1-69) 

Benzyl (2S)-2-[3-beruyl-3-[(2RS)-2-benzyloxy^ (conv 
pound No. 1-70) 

Benzyl (2S)-2-[3-benzyl-3-[(2RS)-2-benzyloxycar^ 
No. 1-71) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-(2-^ (compound No. 1-72) 

(2S)-2-[3-(2-Benzyloxycart)onylethyl)-3-isobu1ylureido]-3-(4*iph (compound No. 1-73) 

(2S)-3-(4-Biphenylyl)-2-[3-(2-<^ (compound No. 1-74) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2R^ (compound No. 

1-75) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-cato^ (conpound No. 

1-76) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-ca (conpound No. 

1 -77) 

(2S)-2-[3-[(2RS)-2-Bertzyloxycarto^ (compound 
No. 1 -78) 

(2S)-3-(4-Biphenylyl)-2-[3^^ (compound No. 1-79) 

Benzyl (2S)-2-[3-[(2RS)-2-benzyloxy-2-carbarno^ (compound 
No. 1-80) 

Benzyl (2S)-2-[3-[(2RS)-2Kttrbamoyl-4-phenyl^ (compound No. 1- 

81) 

Benzyl (2S)-3-(4-tiphenyiyl)-2-[3-(2-diethox^ (compound No. 1-82) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3^ (conpound No. 1-83) 

[a] D 20 -21.4° (c=0.99. chloroform) 

IR(fHm, cm" 1 ) 3391, 3030, 2959, 2871, 1732, 1651, 1519, 1186, 1108. 760, 697 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2S or 2R)-24ert.-butoxycarbonyl-4-phenyl^ 
(compound No. 1-84) 

Single diastereomer of compound No. 1 -7 

Diastereomer of compound No. 1 -85 

[a] D 20 -20.8° (c=1.0. methanol) 

IR (film, cm 1 ) 3448. 3028. 2959. 1723. 1651. 1367. 756. 698 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-{(2R or 2S)-2-tert.-butoxy(»r^ 
(compound No. 1-85) 

Single diastereomer of compound No. 1-7 

Diastereomer of compound No. 1-84 , 
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No 20 -17.6° (c=1.0, methanol) 

IR (film, cm" 1 ) 3450. 3028. 2959, 1723, 1651, 1512, 1367, 757, 698 

• Benzyl (2S)-2-[3-(2-tert.-butoxycarto^ (compound No. 1 -86) 

[a] D 20 -27.9° (c=1.0. chloroform) 

IR (film, cm' 1 ) 3441, 3293, 3053, 3007, 1731, 1623, 1528, 1495, 1387, 827, 753 

• Benzyl (2S)-2-[3-[(2S or 2R)-2-tert.-butoxyc»rtx3nyM^ 
10 (compound No. 1-87) 

Single diastereomer of compound No. 1-26 
Diastereomer of compound No. 1-88 
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(a] D 20 -15.2° (c=1.1, chloroform) 

IR (film, cm" 1 ) 3449, 3364, 2960, 1723. 1650. 1511, 1455, 1367. 1151, 751. 699 



• Benzyl (2S)-2-[3-[(2R or 2S)-2-tert-butoxycarbonyM-phenyl^ 
(compound No. 1-88) 

Single diastereomer of compound No. 1-26 
20 Diastereomer of compound No. 1 -87 

[a] D 20 -26.7° (c=0.99, chloroform) 

IR (film, cm* 1 ) 3350, 2958. 1722, 1654. 1508, 1454, 1367, 1 152. 748. 699 
25 Example 2 

tert.-Butyl (2S)-3-(4-biphenylyl)-2-[3-(2-hyto (compound No. 2-1) 
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To a solution of bydroxyammonium chloride (1 .34 g) in methanol (33 ml) is added 28% sodium methoxide/methanol 
(7.4 ml). The mixture is stirred at room temperature for five minutes. The reaction mixture is added to a solution of tert - 
butyl (2S)-3-(4-biphenylyl)-2-[3-(2-ethoxy<»to^ (compound No. 1-33, 7.7 g) in 

methanol (66 ml) under ice-coding. The mixture is stirred under ice-cooling for 1 5 minutes and further at room temper- 
ature overnight To the reaction mixture is added a 10% aqueous citric acid solution to adjust pH to 5. The resulting mix- 
ture is concentrated in vacuo to remove methanol. The obtained solution is extracted with ethyl acetate The organic 
layer is washed with a saturated sodium chloride solution, dried over magnesium sulfate and concentrated in vacuo. 
The oily residue is purified by silica gel column chromatography to give the titled compound (compound No. 2-1). 
The following compounds can be prepared by a method similar to Example 2. 

• (2S)-3-(4-BiphenylyO-213-(2-teit-butoxy^ acicl (compound No 

55 2-2) 

• (2S)-3-(4-Biphenylyl)-2-^ add {corrvout ^ No 2 - 
3) 

• tert.-Butyl(2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-hydroxycartemoyl-Sme% 
pound No. 2-4) 
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• tert.-Butyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-hydroxycarbaTO^ 
(compound No. 2-5) 

• tert.-Butyl (2S)-3-(4-biphenylyl)-2-[3-K^ (com- 
pound No. 2-6) 

• (2S)-3-(4-Biphenylyl)-2-[3-[(2RS)-2-t^^ acid 
(compound No. 2-7) 

• (2S)-3-(4-Biphenylyl)-2-[3-[(2RS)-2-hydro^ acid 
(compound No. 2-8) 

• tert.-Butyl (2S)-2-[3-[(2RS)-2-benzyloxy-2-hydroxycarbamoyto 
(compound No. 2-9) 

• tert.-Butyl (2S)-2-[3-[(2RS)-2-hydroxycartamoy!-4-phe^ (com- 
pound No. 2-10) 

Example 3 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-(2-<^b^ (compound No. 3-1) 



HO 




To benzyl (2S)-3-(4-biphenylyl)-2-[3-(2-tert.-b^ (compound No. 1-2, 

7.84 g) is added 4.0 N hydrochloric acid/dioxane (35 ml). The mixture is stirred at room temperature for 3.5 hours. The 
reaction mixture is concentrated in vacuo. The oily residue is purified by silica gel column chromatography to give 6.12 
g (87%) of the titled compound (compound No. 3-1) as amorphous powder. 

[a] D 20 -28.0° (c=0.98. methanol) 

IR (film, cm" 1 ) 3029, 2959, 1731, 1615, 1523, 1487, 1451, 1190 

The following compounds can be prepared by a method similar to Example 3. 

• Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-cart»^ (compound No. 3- 
2) 

[u] D 20 -24.6° (c=1.0, methanol) 

IR (film, cm 1 ) 3445, 2958. 1732, 1614, 1519. 1455, 1190. 758, 698 

• Benzyl (2S)-2-[3-[(2RS)-2-cail3Qxy-4-phenylb^ (compound No. 3-3) 

[a] D 20 -27.0° (c=0.49, chloroform) 

IR (film, cm" 1 ) 3441, 2958, 1734. 1617, 1522, 1454, 1190. 751, 699 

• (2S)-3-(4-Biphenylyl)-2-{3-(2-phosphonylethyl)-3-isobutylureido]propionic acid (compound No. 3-4) 

[a] D 20 -23.6° (c=0.38. dimethyl sulfoxide) 

IR (KBr, cm" 1 ) 3384. 2959. 1736. 1695. 1602. 1538. 1488. 1248. 1 152. 1008. 940. 761. 689 

• Benzyl (2S)-3-(4-biphenylyl)-2-p-[(2RS)-2-cai^ (compound No. 3- 
5) 

• Benzyl (2S)-3-(4-biphenyfy!)-2-{3-[(2RS)-2-cato^ (compound No. 3- 
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6) 

No 3 3 7) 4 " B ' Phenylyl) 2 ~ t3 •K 2RS )- 2 * enz V ,0 ^ c ^ n y , ^1* en y , ^Q-3-isobutylurerto]propionic acid (compound 

Benzyl (2S)-3-(4*iphenylyl)-2-l3-[(2RS)-2^rtK>xy-^^^ (compound No. 3- 

8) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-{(2RS)-2-carboxy-6iJte^ (compound No. 3- 

(2S)-3-(4-Biphenylyl)-2-[3-(2-hydrc«yrato^ ac i d (compound No. 3-10) 

(2S)-3-(4-Biphenylyf)-2-[3-(2-ca/txwyeth^ acid (compound No. 3-11) 

Noafi?) ^" B ' Phenylyl) 2 " [3 " l(2RS) " 2 ""ydfoxyca'ba'wyl-S -methylhexyl]-3-isobutylureido]propionic acid (compound 

(2S)-3-(4-Biphenylyl)-2-[3-[(2RS)-2-hydroxy^^ 
No. 3*13) 

(2S)-3-(4-BiphenylyI)-2-[3-^ acid (compound 

No. 3-14) 

(2S)-3-(4-BiphenylyO-2-[3-[(2^ acid (compound 

No. 3-15) 

<2S)-2-[3-[(2RS)-2-Beruyioxy-2-hydroxyra acid (com- 

pound No. 3-16) 1 
(p)-2-p-[(2RS)-2-Hydr^^^ acid (cortp ound 

No. 3*17) 

(2S)-2-p-(2-Phosphonylethyl)-3%obutylureido]-3-(2-naphthyl)propionicacid (compound No. 3-18) 

Benzyl (2S)-3-(4-biphenylyO-2-{3-[(2S or 2R)-2-carboxy-4-phenylbutyl]-3-isobutylureido]propionate (compound No. 

3-19) 

Single diastereomer of compound No. 3-2 
Diastereomer of compound No. 3-20 

[afo 20 -21.1° (c=0.36. methanol) 

IR (film, cm* 1 ) 3445, 2958. 1732, 1617, 1519. 1387, 1345. 1190, 758, 698 

Benzyl (2S)^3-(4-biphenylyl)-2-[3.[(2R or 2S)-2-carboxy-4-phenylbutyO-3-isobutylurekJo]propion (compound No. 
3*20) 

Single diastereomer of compound No. 3-2 
Diastereomer of compound No. 3-19 
(2S)-2-[3-(2-Carboxyethy1)-3-isobutylureidoJ-3-(2-naphmyl)propionic acid (compound No. 3-21) 

[<x] D 20 -33.7° (c=1.0. chloroform) 
mp102.5-104.5°C 

IR (KBr. cm 1 ) 3379. 2960, 1741, 1609, 1533. 1365, 1272. 1077. 953. 817, 782, 746. 695 
Benzyl (2S)-2-[3-[(2S or 2R)-2-carl»xy-4-pheny1butyG-3H (compound No. 

3-22) 

Single diastereomer of compound No. 3-3 
Single diastereomer of compound No. 3-23 

[aJ D 20 -22.8° (c=1 .0. chloroform) 

IR (film, cm' 1 ) 3445. 3027, 2958, 1732, 1615. 1524, 1455, 1 190, 751 . 699 

Benzyl (2S)-2-[3-[(2R or 2S)-2-cartx>xy^phenylbi^^ (compound No. 
3-23) 

Single diastereomer of compound No. 3-3 

Single diastereomer of compound No. 3-22 
Benzyl (2S)-2-[3-[(2S or 2R)-2-butoxyc»rtonyl-4^henW (com . 
pound No. 3-24) v 

[a] D 20 -22.3° (c=1 .0. chloroform) 

IR (film, cm* 1 ) 3447, 3061, 3027, 2958, 2871, 1732, 1615, 1509. 1372, 1180. 746, 699 
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Example 4 

Benzyl (2S)-2-[3-[2-(2-acetamidoe^ (compound No. 4- 



o 




To a solution of benzyl (2S)-3-(4-biphenyly1)-2-[3-{2-<»i^^ (compound Na 3-1 , 

1.35 g), 2-acetamidoethanol (291 mg) and 4-dimethylaminopyridine (164 mg) in cfichloromethane (7 ml) is added a 
solution of dicyclohexylcarbodiimide (665 mg) in dichloromethane (6 ml) under ice-cooling. The mixture is stirred for 30 
minutes. After the reaction mixture is further stirred at room temperature for 24 hours, a precipitated insoluble matter is 
removed by filtration, and the filtrate is concentrated in vacua The oily residue is purified by silica gel column chroma- 
tography to give 1 .29 g (82%) of the titled compound (compound No. 4-1 ). 

[a] D 20 -21.1° (c=1.2, methanol) 

IR (film, cm" 1 ) 3308. 2959. 1735. 1636. 1521. 1279. 1177. 756. 698 

The following compounds can be prepared by a method similar to Example 4. 

» 

• Benzyl (2S)-3-(4-bipherylyl)-2-[3HSCbu^ (compound 
No. 4-2) 

[a] D 20 -28.1° (c=1 .0, methanol) 

IR (film, cm' 1 ) 3367. 3029. 2958, 2871. 2839. 1746. 1651, 1607. 1501. 1464 

• Benzyl (2S)-3-(4-biphenylyl)-2-[3-[2-(5-i (compound No. 4-3) 

[ct] D 20 -27.6° (c=1.0. methanol) 

IR (film, cm 1 ) 3368, 2957, 1748, 1648, 1513, 1145, 758. 698 

• Benzyl (2S)-2-p-[(2RS)-2-(2-ac*tamidoetto^ 
ate (compound No. 4-4) 

* M D 20 -20.4° (c=1 .0, methanol) 

IR (film, cm* 1 ) 3305. 2957, 1732. 1634. 1519. 1455, 1260. 1171. 756. 698 

• Benzyl (2S)-3-(44*iphenylyl)-2-[3HSObut^ 
ate (compound No. 4-5) 

[<x] D 20 -25.6° (c=0.53, methanol) 

IR (film, cm" 1 ) 3449. 3062, 3028. 2957. 1749. 1651. 1500. 1455, 1258 

• Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)^ 
(compound No. 4-6) 

[a] D 20 -24.0° (c=0.97, methanol) 

IR (film, cnr 1 ) 3448, 3061. 2956. 1746, 1650. 1513, 1142. 756, 698 
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2-Acetamidoethyl (2S)-2-[3-<2-beruyloxycarbonylethyl)-3-is^ (compound 
No. 4-7) 

2-Methoxyphenyi (2S)-2-[3-(2-beruyloxycaitK)nyto^^ (compound 
No. 4-8) 

5-lndanyl (2S)-2-[3-(2-benzyloxycata)nyle%l)^ (compound No 4-9) 

Benzyl (2S)-2-[3-[(2RS)-2-(2-acetamidoethoxyc^^ 

ate (compound No. 4-10) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-isobu^ 

ate (compound No. 4-11) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2-(5-indanylo^ 
(compound No. 4-12) 

Benzyl (2S)-2«{3-[(2RS)-2-(2-acetamidoethoxyca^ 

onate (compound No. 4-13) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-i^ 

onate (compound No. 4-14) 

Benzyl (2S)-3-(4-biphenylyl)-2-[3-[(2RS)-2^ 

(compound No. 4-15) 

2-Acetamidoethyl (2S)-2-[3-[(2RS)-2-benzyloxycartx>nyl-4^ 
ate (compound No. 4-16) 

2-Methoxypheny» (2S)-2-[3-[(2RS)-2-berizyloxycart>on^^ 
ate (compound No. 4-17) 

5-lndanyl (2S)-2-[3-[(2RS-)-2-benzylQxyra^ 
(compound No. 4-18) 
Benzyl (2S)-2-[3-[(2RS)-2-(2-ac*tan^^^ 
onate (compound No. 4-19) 
Benzyl (2S)-2-{31(2RS)-2-benzyioxy-2-(2-m^ 
. onate (compound No. 4-20) 
Benzyl (2S^2-[3-[(2RS)-2-benzyloxy-2-(5-iridanyl^^ 
(compound No. 4-21) 

Benzyl (2S)-2-[3-{(2RS)-2K2-acetamidoethoxyra 
ate (compound No. 4-22) 
Benzyl (2S)-2-[3-isobutyl-3-[(2RS)-2-^ 
(compound No. 4-23) 

Benzyl (2S)-2-[3-[(2RS)-2-(5-iridany!^ (com . 
pound No. 4-24) 

Benzyl (2S)-3-(4-biphenylyl)«2-[3-(2-meto^ (compound No. 4-25) 

[a] D 20 -24.7° (c=0.83, chloroform) 

IR (film, cm' 1 ) 3350, 2956, 1737, 1645, 1519, 1438, 1257, 1175 
Benzyl (2S)-3-(4-biphenylyl)-2-p-(2-^ (compound No. 4-26) 

mp 43.5-46.9°C (decomp.) 
(u] D 20 -21 .6° (c=1 .0, chloroform) 

IR (film, cm* 1 ) 3350, 3030, 2958, 1732, 1644, 1519, 1487, 1178, 1008, 758, 697 
Benzyl (2S)-2-[3-(2-isobutoxycarbonyle%l)^ (compound No. 4-27) 

[ct] D 20 -20.6° (c=0.98, chloroform) 

IR (film, cm" 1 ) 3349. 2959. 1733, 1652, 1517, 1467, 1382, 1186 

Benzyl (2S)-2-[3-[2-(4-acetamicto)pherTox^^ (compound 
No. 4-28) 

[a] D 20 -1 9.2° (c=0.1 8. chloroform) 

IR (film, cnr 1 ) 3308. 2960, 1745, 1672, 1633, 1537. 1507, 1408, 1194, 757 
Benzyl (2S)-2-[3-(2-butoxycartxjnylethyl)-3-isobutylureido]-3-( (compound No. 4-29) 
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[a] D 20 -29.9° (c=1.0, chloroform) 

IR (film, cm" 1 ) 3355. 3056, 2959, 1733, 1647, 1514. 1 184. 818. 747, 699 

• Benzyl (2S)-2-[3-[(2S or 2R)-2-ethoxycartx>nyM^ (com . 
pound No. 4-30) 

Single diastereomer of compound No. 1 -25 
Diastereomer of compound No. 4-31 

[a] D 20 -23.9° (c=0.97, chloroform) 

IR (film, cm* 1 ) 3445. 3373, 2957, 1867, 1729, 1653, 1507, 1253, 1185, 746, 698 

• Benzyl (2S)-2-[3-[(2R or 2S)-2-ethoxycarbonyl-4-phenylbutyQ-3-isob^^ (com- 
pound No. 4-31) 

Single diastereomer of compound No. 1-25 
Diastereomer of compound No. 4-30 

• 4-Acetamidophenyl (2S)-2-[3-[(2S or 2R)-2-ethoxy<»rbonyl-4-phenylb^ 
onate (compound No. 4-32) 

mp130°C 

[afo 20 -37.3° (c-0.46. methanol) 

IR (KBr, cm 1 ) 3363. 3302. 2960. 1761. 1730. 1674. 1626, 1539. 1506, 1454, 1268. 1 195 
Example 5 

(2S)-3-(4-Biphenylyl)-2-{3-(2-carto^^ acid (compound No. 5-1) 




To a solution of benzyl (2S)-2-[3-(2-benzy1oxycarbonyle%l)-3-i^^ (com- 
pound No. 1-3. 270 mg) in methanol (5 ml) is added 5% palladium on carbon (50 mg) under a nitrogen atmosphere. 
The mixture is stirred under a hydrogen atmosphere for 1 .5 hours. The palladium on carbon is removed by Celite filtra- 
tion, and the filtrate is concentrated in vacuo. The oily residue is purified by silica gel column chromatography to give 90 
mg (48.4%) of the titled compound (compound No. 5-1). 

mp 131-133°C (decomp.) 
[a] D 20 -1 1 .9° (c=1 .0, methanol) 

IR (KBr, cm 1 ) 3435, 2958. 1720, 1592, 1526, 1488, 1278. 1240, 764 

The following compounds can be prepared by a method similar to Example 5. 

• (2S)-3-(4-Biphenylyl)-2-{3-(2-eth^ acid (compound No. 5-2) 

mp 76.5-81 .8°C (diethyl ether-hexane) 
[a] D 20 -1 1.9° (c=0.99. methanol) 

IR (KBr, cm' 1 ) 3391. 2965. 1720, 1634. 1523. 1489, 1447. 1190 

• (2S)-2-{3-[2-(2-AcetamidoetrK>^^ -3-(4-biphenylyl)propionic acid (compound No. 5- 
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3) 

mp 60.5-71 .5°C (hexane-ethyl acetate) 
Wo 20 -9.5° (c=1.0. chloroform) 

IR(KBr, cm" 1 ) 3392. 2958. 1735. 1709. 1658. 1631. 1537. 1489, 1179. 762. 698 
PS)-3-(4-BiphenylyO-2^ acjd (compound No g . 

Ia] D 20 -33.3° (c=0.99, chloroform) 

IR (KBr. cm" 1 ) 3435, 2958. 1761. 1607. 1501. 1465. 1310. 1258 
(2S)-3-(4-Biphenylyl)-2-[3-[2-^ ackJ (compound No ^ 

[a] D 20 -24.5" (c=1.0, chloroform) 

IR (KBr, cm 1 ) 3435. 2958, 1754. 1610. 1524. 1145. 757. 697 
(2S)-3-(4-Biphenylyl)-2^^ acjd (compound Na ^ 

[a] D 20 -43.5° (c=0-26. chloroform) 

IR (KBr, cm" 1 ) 2957, 1734, 1602, 1522. 1452, 1203. 756, 697 
gS)-3.(4-BiphenylyD^^ acid {compound No 

(aj 0 20 4.0° (c=1.0. methanol) 

IR (film, cm 1 ) 3435. 2957. 2870. 1727. 1612. 1520. 1454. 1199. 756. 699 
(S^S acid 
[«Jd 20 -7.5° (c=1 .0. chloroform) 

IR (KBr, cm 1 ) 3305, 2958. 1733. 1628. 1519. 1454. 1 197. 757. 698 
{ ( ^ ( u ^ Phonic acid 

[a] D 20 -34.3° (c=1 .0. chloroform) 

IR (KBr. cm 1 ) 3435. 3027. 2958. 1754. 1609. 1500. 1258. 1195. 1172. 1135. 1110 
[oJ D 20 -20.8° (c=1.0. chloroform) 

IR (KBr. cm 1 ) 3436, 3027. 2956. 1748. 1608. 1520. 1 142. 755. 698 
(2S)-3-(4-Bfohenylyl)-2-[3- K 2RS)-2^ ackj (compoun(J No 5 . 11} 

[a] D 20 -39.7° (c=1.0. chloroform) 

IR (KBr. cm :l ) 3435. 2959. 1726. 1603. 1523. 1487. 1203. 756. 698 
(2S)-3-(4.Biphenylyl).2-{3.[(2R^^^ acid (compound No g . 12) 

[o) D 20 -39.8° (c=0.97, chloroform) 

IR (KBr. cm 1 ) 3435. 2933. 1728. 1603. 1526. 1487. 1201. 757. 698 
(2S)-2-[3-(2-Cartx>xyemyl)-34s*^^ (compound No. 5-13) 

W 0 20 -1 1 .5° (c=0.52. methanol) 
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IR (film, cm* 1 ) 2960, 1722, 1604, 1526. 1498. 1224. 1159. 1076. 820. 757. 667 
(2S)-2-[3-(2-CartK>xye%^ acid (compound No. 5-14) 

mp 139.5-142.0°C (decomp.) 
[a] D 20 -30.3° (c=0.98, chloroform) 

IR (KBr. cm" 1 ) 3442, 2959. 1726, 1704, 1591. 1529, 1500, 1274, 804 
(2S)-2-[3-(2-CaitK>xyet^ acld (compound No. 5-15) 

[a] D 20 -22.8° (c=1 .0. chloroform) 

IR (KBr, cm' 1 ) 2960, 1733. 1607, 1527, 1482. 1405. 1296. 1213 
(2S)-2-[3-(2-Cartx^^ (corrpound No. 5-16) 

[a] D 20 -15.4° (c=0.49. dimethyl sulfoxide) 

IR (KBr, cm* 1 ) 2961. 1728, 1599, 1530, 1488. 1237, 1029 

(2RS)-3-(3-Btphenylyl)-2-{3-(2-<»r^ arid (corrpound Na 5-17) 

IR (KBr, cm* 1 ) 2960, 1 717. 1606, 1525, 1202, 810, 700 

(2S)-2-{3-(2.(^rboxyethyl)-3-isobutylureidoJ-3-(i ; V2\ r-terphenyl-4-yl)propionic acid (compound No. 5-18) 
[a] D 20 -3: 1 ° (c=0.51 , methanol) 

IR (film, cm* 1 ) 3021, 2960. 1721. 1615. 1527. 1449. 1217. 759, 701 

(2S)-2-[3-(2-tertoxyethyQ-3-iso^ (compound No. 5-19) 

[a] D 20 -34.5° (c=1.0, dimethyl sulfoxide) 

IR (KBr, cm* 1 ) 2959, 1721. 1602, 1526, 1410, 1197, 813, 750 

(2S)-2-[3-(2-Cartxixye^ (compound No. 5-20) 

mp 182.0°C (decomp.) 

Md 20 -47.3° (c=1.0, dimethyl sulfoxide) 

IR (KBr, cm 1 ) 3369, 2957, 1722, 1610, 1537, 1231, 1161, 898, 802, 776. 670 
(2S)-2-[3-(2-Carboxye%0-3^sobtf^ acid (compound No. 5-21) 

mp 132.8-1 34.0°C 

[a] D 20 -24.5° (c=0.50, methanol) 

IR (KBr, cm* 1 ) 3428, 2960, 1750, 1732, 1717, 1614, 1544, 1253, 1177 
(2S)-2-[3-(2-Carboxyethyl)-3-isobutylureido]-3-(1 -naphthyl)propionic acid (compound No. 5-22) 

mp 150.0-1 50.6°C (decomp.) 
[a] D 20 -71.9° (c=0.32, methanol) 

IR (KBr, cm* 1 ) 3430, 1751, 1715. 1614, 1543, 1385, 1253. 1175 

2-Acetamidoethyl (2S)-3-(4-biphenylyl)-2^3-(2-car^ (compound No. 5-23) 

2-Methoxyphenyl (2S)-3-(4-biphenylyO-2-[3-(2-carboxyethyl)-3-isobutyl (compound No. 5-24) 

5-lndanyl (2S)-3-(4-biphenylyl)-2-[3-(2-c^ (compound No. 5-25) 

(2S)-2-[3«[(2RS)-2-(2-Acetamidoethox add 
(compound No. 5-26) 

(2S)-3-<4-Biphenylyl)-2-[3-is^ acid 
(compound No. 5-27) 

(2S)-3-(4-Biphenylyl)-2-[3-[(2RS)^ add (com . 

pound No. 5-28) 1 
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Sf£52^ acid (compound 

[jf;?^^^ acid (com » 50und 

(2S)jj-(4-Bfch^ add (com . 
pound No. 5-33) 

Etty <2S)*-(4^pte^^^^ (compound No. 5-34) 
tSSSZw (2S) - 3 ^ i P he ^ , )- 2 -P-t(2 R S)-2<artx,xy-4^ 

Wndanyl (2S)-3K4-biphenylyl)-2^ (compound No. 

StSSJ^SSSt! - ^ add (compound No 5-38) 
S 1^."?^^i!^ < ^ Ureid0H W-methoxyJbiphenylyllpropionic add (compound No. 5-39) 

:!!11r£;f^^ acid (compound No. 540) 

N? 5 4?) ^^ h6ny ^ add (compound 

No S 2 ^ 2 "^^ acid (compound 

KlidNo 1 ^!* 2 '^ acid 1°°™- 

P^n^^ acid 

p 2 ^]^ 2 ^' 2 "^^^ acid (com - 

Nf^ 4 '^ acid (compound 

Ssf 2t ( ?;^^ acjd (oo"POund No. 548) 
£Srit> SI) ** V hen ^^ but ^- 3 - |sobu ty'^Wo]-3-(1 . V2-. 1Merahenyl-4-y1) prop ionic add (com- 

(^-P-lCR^-cart^^ 

NoS^ 2 *^ acid (compound 

[^^Jf^ acW 

pS^Na^ acid f 00 ™- 

»St "5" S 2 ^' 2 ;^^- 4 *" 6 ^ 1 ^- 3 -' acid (compound No. 5-55) 

S^nS^^ acid (compound No. 5-56) 

S^K2^ acid (compound No. 5-57) 

?| t1^ he ^' 2 ^^ acid (compound No. 5-58) 

!! ^ 4 -°!P^ en V 1 yO-2-{3-(2-<»rt)oxyethy1)-3-isob^ (compound No. 5-59) 

2 IllSf!!!^ (compound No. 5*0) 

gS)-3-(4-B,phenWyl)-2-^^ ackJ (compound No . gl 

iSllll!^^ acid (compound Na 5-62) 
S (compound No. 5-63) 

? * anw >* 4 1 ,han l*^^ acid (compound No 5-64) 

(2S)<H4-B.pheny.yl^ ackJ (conip^No 5^ 
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• (2S)-2-[3-(2-Diethoxyphosphonyle^ acid (compound No. 5-66) 

Example 6 

(2S)-2-[3-(2-Ethoxycarbonylethyl)-3-isobu1ylureido] acid (compound No. 6-1) 




To a solution of benzyl (2S)-2-[3-(2-ethGxycartx>n^ (compound 
No. 1-23, 687 mg) in ethanol (14 ml) ts added 20% palladium hydroxide on caroon (70 mg) under a nitrogen atmos- 
phere. The mixture is stirred under a hydrogen atmosphere for 4.5 hours. The palladium hydroxide on carbon is 
removed by Celite filtration, and the filtrate is concentrated in vacuo. The oily residue is purified by silica gel column 
chromatography to give 401 mg (71 . 1%) of the titled compound (compound No. 6-1 ). 

mp 92.0-95:2°C (hexane-ethyl acetate) 
[afo 20 -34.6° (c=0.99, chloroform) 

IR (KBr, cm" 1 ) 3413, 2962. 1737, 1715. 1603. 1532. 1454, 1318. 1187, 748 
The following compounds can be prepared by a method similar to Example 6. 

• (2S)-2-p-(2-CarboxyethyO^ acid (compound No. 6-2) 

mp 100-127°C 

[a] D 20 -7.9° (c=0.99. dimethyl sulfoxide) 

IR (KBr, cm* 1 ) 3351, 2960, 2600. 1727. 1636, 1608, 1265. 1230, 1031, 852, 809 

• (2S)-2-p-[(2RS)-2-Carboxy-4-pher^ ac a (compound 
No. 6-3) 

• (2S)-2-p-(2-Methaxy<»rtx>ny^ acid (compound No. 6-4) 
mp 82.5-85.0°C 

[afo 20 -36.5? (c=1.0, chloroform) 

IR(KBr, cm- 1 ) 3353, 2956, 1733, 1611, 1522, 1470, 1378, 1278. 1206 
(2S)-2^3-(2-Butoxycarbonyle^ acid (compound Na 6-5) 

mp 76. 7-78.3°C (diisopropyl ether) 
[afo 20 -41.5° (c=0.97, chloroform) 

IR (KBr. cm 1 ) 3372. 2956, 1739, 1719, 1606, 1524, 1 190, 762, 694 

(2S)-2-[3-(2-lsopropoxycarbonylethyl)-3-isobut^ (compound No. 6-6) 

mp 1 14.5-1 15.5°C (diethyl ether-hexane) 
[afo 20 -1 1 .9° (c=1 .0, methanol) 

IR (KBr, cm* 1 ) 3401, 2966. 1731. 1714. 1634. 1521, 1195. 763 
(2S)-2-ft-(2-lsobutoxycartx>nyte^^ ac id (compound No. 6-7) 

mp64.1-66.7°C 

[afo 20 -39.5° (c=1.0, chloroform) 
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IR (KBr, cm' 1 ) 3379. 2961. 1765. 1738. 1720. 1611. 1530. 1490. 1467. 1382. 1280, 1195 

• (2S)-2-[3-[2-(4-Acetamicto)phenoxycartx>n^ acid (compound No. 
6^8) 

mp 100-107°C (decomp.) 
[a] D 20 -4.9° (c=0.99, chloroform) 

IR (KBr. cm* 1 ) 3307, 2960. 1753. 1671. 1629. 1538, 1507, 1488, 1193,697 

• (2S)-2-[3-(2-ButaxycaitK>nylethy^ acid (compound No. 6-9) 

mp 1 06.2-1 08.5°C (diisopropyl ether) 
ta] D 20 -34.8° (c=1.0, chloroform) 

IR (KBr, cnf 1 ) 3494, 3052, 2958, 1730, 1705. 1605, 1536. 1451, 1414, 1193, 816, 749, 665 

• (2S)-2-[3-[(2S or 2R)-2-Ethoxycarbonyl-4^henyIbuM^ acid (compound 
No. 6-10) 

Diastereomer of compound No. 6-1 1 

[a] D 20 -21.7° (c-0.95, dimethyl sulfoxide) 

IR (film, cm 1 ) 3437, 2960, 1728, 1603, 1524, 1454, 1382, 1 198, 752 

• (2S)-2-[3-[(2R or 2S)-2-Ethaxycartx>nyl-4i3henylbu^ acid (compound 
No. 6-11) 

Diastereomer of compound No. 6-1 0 

• (2S)-2-[3-[(2S or 2R)-2-Butoxycart>onyl-4^henyIb^ acid (compound 
No. 6-12) 

[a] D 20 +2.7° (c=1 .0, chloroform) 

IR (film, cm 1 ) 3435, 2959, 1728. 1603, 1524, 1454, 1369, 1 198. 753 



To a solution of benzyl (2S)-2-[3-(2-benzylQxycaitonylethy^ 
(compound No. 1-17, 457 mg) in ethanol (14.4 ml) is added 1 N lithium hydroxide (1.44 ml). The mixture is stirred for 
two hours. To the reaction mixture is added 1 N hydrochloric acid to neutralize the mixture. The resulting mixture is con- 
centrated in vacuo to remove ethanol. To the obtained solution is added a 10% aqueous citric acid solution, and the 
whole is extracted with chloroform. The organic layer is washed with a saturated sodium chloride solution, dried over 
anhydrous magnesium sulfate, and concentrated in vacuo. The oily residue is purified by silica gel column chromatog- 
raphy to give 230 mg (69.9%) of the titled compound (compound No. 7-1) as amorphous powder. 

[a] D 20 -20.1° (c=1.0. methanol) 

IR (KBr, cm* 1 ) 2961, 1723, 1606, 1530. 1362, 1201, 758. 701 



Example 7 



(2S)-2-[3-(2-Carboxyethyl)-3-isobu^ add (compound No. 7-1) 
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The following compounds can be prepared by a method similar to Example 7. 

(2S)-2-[3-(2-Carboxyethyl)-3-isobutylureidoJ-3-(1, 1':4', r-terphenyM-yl)propionic acid (compound No. 7-2) 

mp 147.8-150.2°C (decomp.) 

[a] D 20 -6.6° (c=0.32, methanol) 

IR (KBr, cm* 1 ) 2963, 1724, 1614, 1523, 1467, 1217 

(2S)-3-(4-Biphenylyl)-2-[3-[(2RS^ ac id (compound No. 7-3) 

[a] D 20 -46.0° (c=0.97, chloroform) 

IR (KBr, cm 1 ) 3438. 2958. 1731, 1610, 1527, 1487, 1198. 757. 697 
(2S)-3-(4-Biphenylyl)-2-[3-[(2RS)^^ add (corrpound No. 7-4) 

[a] D 20 -32.3° (c=1.0, chloroform) 

IR (KBr, cm* 1 ) 3500-3000 (broad), 2960. 1727, 1602. 1524, 1487. 1447, 1201 
(2S)-2^3-(2-Carboxyeth^ acid (corrpound No. 7-5) 

[a] D 20 -36. 1° (c=0.34, dimethyl sulfoxide) 

IR(KBr,cm* 1 )2961 > 1717, 1609. 1532. 1486, 1213. 1141. 1094 

(2S)-2-[3-[(2RS)-2-Carboxy^^^ acid (compound No. 7-6) 

Wo 20 -41 .4° (c*1 .0. chloroform) 

IR (KBr. cm* 1 ) 3438. 2959. 1733, 1602. 1525. 1454. 1200. 745. 700 

(2S)-3-[2-(1-Brorro)naph^ acid (compound No. 7-7) 

IR (KBr, cm* 1 ) 3641, 2958. 1724. 1609. 1526, 1431, 1152, 862, 814, 768 

(2S)-2-[3-[(2RS)-2-(2-A<^amid^ 
acid (compound No. 7-8) 
(2S)-2-[3-[(2RS)-2-Benzyloxy-2^ 
acid (compound No. 7-9) 

(2S)-2-[3-[(2RS)-2-Benzyloxy-2-(5-ir^^ acid 
(compound No. 7-10) 

(2S)-2-[3-(2-Cart)oxyethyO-3-isobutylure (compound No. 7-11) 

(2S)-2-l3-(2-Carbaxye%l)-3-iscfc^ acid (compound No. 7-1 2) 

(* s )- 2 -IM^ acid (compound 

(2S)-2-[3-[(2RS)-2-Carboxy-4i^ (com- 
pound No. 7-14) 

(2S)-2-[3-[(2RS)-2-Carboxy-4^ add (compound 

No. 7-15) 

f ?6) 2 ^ 3 K2RS> 2 ^^^^^ heny!butyq " 3 -^o^^^WoJ-S-^^-nitroJbiphenylylJpropionic acid (compound No. 

(2S)-2-[3-l(2RS)-2-Carboxy-4-pheny!butyO-3-isobutylureido]-3-(1^ 1':4\ 1 M -terphenyl-4-yl)prcpionic acid (com- 
pound No. 7-1 7) 

ffs) 12 (1 " Br °™ )n ^ hmy0 " 2 " [3 " l(2 ^^^ acid (compound No. 

(2S)-2-p-Benzyl-3-[(2RS)-2K*rbox acid (compound No. 7-19) 

(2S)-2-[3-Benzyl-3-[(2RS)-2K»rtx>x^^ add (compound No. 7-20) 

(2S)-213-[(2RS)-2-Berttyloxy-2«»ta acid (compound No. 

7*21) . t . .. t , 
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Example 8 



(compound No. 8-1) 

and (2S)-2-(3-[(2R or 2S)-2-ben Z yloxy-2-cart»xyethyl]-3-i^^ add (compound Ntx 




To a solut.on of benzyl (2S)-2-[3-K2RS)-2-benzyloxy-2-te^ 
donate (compound No. mi. 252mg) in methanol (1.6 microform (1 ml) is TiddedT.ithium r^roSe (S 8 
SLlL™!? *T ft I three hOU ' 8 - T ° * he feacfon mixture is ««ed a 10% aqueous cHric acid solution to neu- 
SZT £ ™ e / esul,,n 9 mixture is concentrated in vacuo to remove methanol and chloroform To the obtained 

soluton ts added a 1 0% aqueous citric acid solution, and the whole is extracted with ethyl acetate. The organic layer is 
washed wrth a saturated sodium chicle solufon. dried over anhydro^ 

SoL^c^SS^i?^ J?™" Chf0 1 ™ to9,aphy to 9ive 69 < 37% ) ^^mg (34%) of the titled com- 
pounds (compound Nos. 8-1 and 8-2) as amorphous powder respectively. 

• (2S)-2-[3-[(2S or 2R)-2-Ben 2 yloxy-2-<arboxye^ acid (conpound No 

Diastereomer of compound No. 8-2 
[aJo 20 -44.6° (c=0.36, chloroform) 

IR (KBr, cm 1 ) 2960. 1740. 1607. 1530. 1210. 1114. 759. 698 

• ^* 2 " I3 ' I(2R or 2S )" 2 -^^<^-2-«in^triyO-3-isobu^ acid (conpound No . 

Diastereomer of compound No. 8-1 
[a] D 20 -69.8" (c=0.36. chloroform) 

IR (KBr, cm" 1 ) 3321. 2960. 1732. 1611. 1530. 1209. 1112. 758, 698 

• he following compounds can be prepared by a method similar to Example 8. 

* No te) ' 1 ^ ° r 2R) " 2 * Ben2 ^" 2 ^^^°^ s ^^ acid (compound 

Diastereomer of compound No. 8-4 

[oJo 20 -39.0° (c=1.0. chloroform) 

IR (KBr, cm 1 ) 3500-3000 (broad). 2957. 1719. 1603. 1529. 1454. 1209. 1 109 

* NoSf ° r 2S) ' 2 * Benz *^^^^^^ u ^^ acid (compound 

Diastereomer of compound No. 8-3 

[afo 20 -56.0° (c=1.0, chloroform) 

IR (KBr. cm' 1 ) 3500-3000 (broad). 2958. 1736. 1601. 1528. 1454, 1213, 1113 
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Example 9 

(2S)-3-(4-Biphenylyl)-2-{3-[(2S or 2R)-2^rtx>xy^i)henylbutylJ-3-isobutylureidolpropion acid (compound No. 9-1) 




To benzyl (2S)-3-(4-biphenylyl)-2-{3-{(2S or 2R)-2-tert butoxyrarbonyM^he^^ 
(compound No. 1-84, 190 mg) is added 4.0 N hydrochloric add/dioxane (1.45 ml). The mixture is stirred at room tem- 
perature for 9.5 hours. The reaction mixture is concentrated in vacuo. The oily residue is dissolved in methanol (4 ml). 
To the solution is added 20% palladium hydroxide on carbon (40 mg) under a nitrogen atmosphere. The mixture is 
stirred under a hydrogen atmosphere for 45 minutes. Palladium on carbon is removed by Celite filtration, and the filtrate 
is concentrated in vacuo. The oily residue is purified by silica gel column chromatography to give 87.4 mg (61 .5%) of 
the titled compound (compound No. 9-1) as amorphous powder. 

Single diastereomer of compound No. 5-6 

Diastereomer of compound No. 9-2 

[<x] D 20 -23.3° (c=0.28. chloroform) 

IR (KBr, cm' 1 ) 3435, 2958, 1728, 1606, 1524, 1454, 1204, 757, 698 

The following compounds can be prepared by a method similar to Example 9. 

• (2S)-3-(4-Biphenylyl)-2-[3-l(2R or 2S)-2-<^rtx>xy-4^henyIbutyi]-3-isobutylureido]pr^ acid (compound No. 9- 
2) 

Single diastereomer of compound No. 5-6 
Diastereomer of compound No. 9-1 

[a] D 20 -62.2° (c=0.32, chloroform) 

IR (KBr, cm 1 ) 2958, 1 728, 1603, 1523, 1453, 1204, 757, 698 

• (2S)-2-[3-I(2S or 2R)-2-Ckrboxy-4i3henylb^ acid (compound No. 9-3) 

Single diastereomer of compound No. 7-6 
Diastereomer of compound No. 9-4 

[a] D 20 -27.2° (c=0.50, chloroform) 

IR (KBr, cm' 1 ) 3435, 2957, 1730, 1602, 1525, 1454, 1201, 746, 700 

• (2S)-2-[3-[(2R or 2S)-2-tai^xy-4i>henylbuty^ acid (compound No. 9-4) 

Single diastereomer of compound No. 7-6 
Diastereomer of compound No. 9-3 

ta] D 20 -55.2° (c=0.49, chloroform) 

IR (KBr. cm' 1 ) 2959. 1730, 1603, 1526. 1454, 1204. 745. 699 
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Exanple 10 



10 



15 



20 




25 



30 



the whole is ex^cSj ^ JT? fe <^entrat« J^^T*"* ^ mbrture * strred at 

„ cm'') 3445. 3184, 3028, 2958, 1953, 1879, 1741, 1632, 1518 ,454 1385 1,75 

2) To a solution of benzyl f2 S, s mm k ' 1 1?5, 1027 ' 753 - 696 

«e on ca*on is^eJoy S£ SS2 TOd Under a SnKEXJl^ On £* 0n < 1 2 ™9) unci 

««ca gel column chron5c?rS to 2S ^ * conSt^c" ^ ^ ,adiUm hydrox " 
po^ ographyto giV e51 ^(63%}ofthett.edconpou^Sl^ 

wastereomer of compound No. 10,2 
IR (KB, cm -, 3202. 3029. 2925.1880 1725 1626 Kio < 

• , rr- — -==r — 
, -srr^rr — - 

• (2S)3M^^ rtC ^^O10-1 
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pound No. 10-5) 

Single diastereomer of compound No 3-13 
Diastereomer of compound No. 10-6 

• (2S)-3-(4-Biphenylyl)-2-{3-{(2R or 2S)-2-hydroxycartemoyl-3-phenyl^^ add (com- 
pound No. 10-6) 1 

Single diastereomer of compound No. 3-13 
Diastereomer of compound No. 10-5 

• (2S)-2-{3-[(2S or 2R)-2-Benzyloxy-2-hydroxycarbam acid 
(compound No. 10-7) 

Single diastereomer of compound No. 3-16 
Diastereomer of compound No. 10-8 

• (2S)-2-{3-l(2R or 2S)-2-BenzylGxy-2-hydroxycarbam add 
(compound No. 10-8) 

Single diastereomer of compound No. 3-16 
Diastereomer of compound No. 10-7 

• (2S)-2-{3-[(2S or 2R)-2-Hydroxycarfoamoyl-4^ acid (C0fTV 
pound Na 10-9) \ 

Single diastereomer of compound No. 3-17 
Diastereomer of compound No. 10-10 

• (2S)-2-p-[(2R or 2S)-2-Hydroxycaibai^ acld (com . 
pound Na 10-10) v 

Single diastereomer of compound Na 3-1 7 
Diastereomer of compound No. 10-9 

<2S)-3-(4-BiphenylyO-2-I3-^ acid (compound No 3-10) can 

also be synthesized by a method similar to Example 1 0. 

Formulation 

General formulation examples of oral preparations and injections using the present compounds are shown below. 
1) Tablet 



Prescription 1 in 100 mg 


present compound 


1 mg 


lactose 


66.4 mg 


cornstarch 


20 mg 


calcium carboxymethylcellulose 


6mg 


hydroxypropylcellulose 


4 mg 


magnesium stearate 


0.6 mg 



Tablets according to the prescription as above were coated with 2 mgrtablet of a coating agent (this is an ordinary 
coating agent such as hydroxypropylmethylcellulose, macrogol or silicone resin) to obtain desired coated tablets (The 
same is applied to tablets mentioned below.) 
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Prescription 2 in 100 mg 


present compound 


5mg 


lactose 


62.4 mg 


cornstarch 


20 mg 


calcium carboxymethylcellulose 


6 mg 


hydroxypropylcellulose 


4 mg 


magnesium stearate 


0.6 mg 


coating agent 


2 mg 



Prescription 3 in 100 mg 


present compound 


20 mg 


lactose 


51 mg 


cornstarch 


15mg 


calcium carboxymethylcellulose 


5mg 


hydroxypropylcellulose 


5mg 


magnesium stearate 


1 mg 


talc 


1 mg 


coating agent 


2mg 



Prescription 4 in 100 mg 


present compound 


40 mg 


lactose 


34 mg 


cornstarch 


10 mg 


calcium carboxymethylcellulose 


5mg 


hydroxypropylcellulose 


5mg 


magnesium stearate 


2mg 


talc | 


2mg 


coating agent 


2mg 
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Prescription 5 in 220 mg 


present compound 


100 mg 


lactose 


67 mg 


cornstarch 


20 mg 


calcium carboxymethylcellulose 


10 mg 


hydroxypropylcellulose ! 


10 mg 


magnesium stearate 


4 mg 


talc 


4 mg 


coating agent 


5mg 



2) Capsule 

20 



Prescription 1 in 150 mg 


present compound 
lactose 


5mg 
145mg 



Varying the mixing ratio of the present compound to lactose, capsules having the contents of the present com- 
pound of 10 mg/capsuie, 30 mg/capsuie, 50 mg/capsule and 100 mg/capsule were also prepared. 

30 3) Granule 



Prescription 1 in 100 mg 


present compound 


30 mg 


mannitol 


46.5 mg 


polyvinyl pyrrolidone K-30 


7mg 


eudragit RL 


15 mg 


triacetin 


1.5 mg 



45 



Prescription 2 in 130 mg 


present compound 


50 mg 


lactose 


55 mg 


white potato starch 


20 mg 


hydroxypropylcellulose 


4mg 


talc 


trace 
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4) Injection 



10 



Prescription 1 in 10 ml 


present compound 


10-100 mg 


sodium chloride 


90 mg 


sodium hydroxide 


qs. 


sterile purified water 


qs. 



15 



SO 



EFFECT OF THE INVENTION 
Pharmacological Test 

thA ^^ e lS-. fo L mea f Urin9 a ? endopepMase 2411 activit * Florentn etal. had reported a method for measuring 
S rS^lS? ^t^^ 1 d f * 8 PepMe *"* between 9,ydne P^ifrophenylalanine using N-dan 
syl-D^laiiyl^lycyli^trcphenylalanyt-fllycine (DAGNPG) as a substrate (Anal. Biochem., 14L 62-69(1984)) An effect 
of the present compounds on endopepSdase 24.1 1 was examined acceding to the method described in the Werature. 

Experimental Method 



25 



30 



35 



40 



45 



. • 6 !!Z? preparation used ln ** Pharmacological test was prepared by extracting from a rat kidney by the fol- 
lowing method according to the method of Malftoy et al. (J. Biol. Chem, 259, 14365-14370 (1984)) 

7 a t^" ey ^L 6 ^ fr ° m 8 WlSter rat 1,19 ***** was homogenized in Tris-hydrochloric acid buffer (5 mM. pH 
M ^ D - mannrto1 12 mM magnesium chloride). The homogenate was centrifuged at low speed 

MM n HEPET^^L^f^ 8 - l °T Peed 8nd *" ul,racentri1uaed ^in. The resulting pellet was sus- 
penaea in hepes buffer (5 mM, pH 7.4) to give the enzyme preparation. 

, 1 nHi n ^^f ami ^ the ■** °'. the present compounds 00 11,6 enzyme preparation, reactions were performed 
under the following condition using mixed solutions consisting of the composition shown in Table 1. 

Table 1 



Tris-hydrochloric acid buffer (pH 7.4) 


50 mM 


DAGNPG 


50 nM 


Enzyme preparation 


0.3-0.5 ug protein 


Test compounds , 


10-"-10- 4 M 



.»_ 1 J"? 0 "r; en "™ Kd sol '" ta ' 050 * lTO * aM ■ **> ** 30 oilmiBsandltrei, boned at 1WC to Ike irtn- 



50 



Inhibition rate (%) = x 100 



A: fluorescence intensity of the sample in the absence of the test compound 
B: fluorescence intensity of the sample in the presence of the test compound 



55 Result 



8-1 ,9-1 and 10-1 required to inhtort endopeptitfase 24.11 by 50%, i.e., IC50. 
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Table 2 







Comoounri No 5-1 


1 .OX IVJ 


Compound No. 5-6 


5.5x10' 10 


Compound No. 5-21 


9.3x10 9 


Compound No. 7-3 


4.0x10" 9 


Compound No. 7-6 


3.1x10 s 


Compound No. 8-1 


9.3X10" 10 


Compound No. 9-1 


5,8x10- 10 


Compound No. 10-1 


2.1 x10 9 



As shown in Table 2, the present compounds were found to inhibit the endopeptidase 24.11 activity remarkably at 
the low concentrations. . 

Since the above-mentioned results show that the present compounds have the excellent inhibitory effects on 

8 lSf >eP L 241 1 ' * fe apparent *** 00mpounds **» m «dical uses as therapeutic agents for diseases in 
which i endopeptidase 24.1 1 is concerned, for example, cardiovascular diseases such as heart failure and hypertension 
renal diseases such as renal failure, gastroenteric disorders such as diarrhea and hyperchlomydria. endocrine and met- 
abolic diseases such as obesity, and autoimmune diseases such as rheumatic disease, and as analgestfcs for myosal- 
g.a. migraine, etc. Coupled with the fact that the compounds also have an inhibitory activity on angJotensine^onverting 
enzyme it is.apparent that the compounds are particularly useful as therapeutic agents for cardiovascular diseases 
such as heart failure and hypertension. • •■ 

INDUSTRIAL APPLICABILITY 

oa i T h8 ^ reSent invention relates to a novel U-dialkylurea derivative which has inhibitory effects on endopeptidase 
24.1 1 and is useful as therapeutic agents for cardiovascular diseases such as heart failure and hypertension renal dis- 
eases such as renal failure, gastroenteric disorders such as diarrhea and hyperchlomydria. endocrine and metabolic 
diseases such as obesity, and autoimmune diseases such as rheumatic disease, and as analgestics for myosalgia 
migraine, etc. 

Claims 

1. A compound represented by the general formula [Q or a salt thereof, 

R 2 R 3 



< A >V 



wherein 



R 1 represents a carboxyl group which can be converted into an ester, an amide or a hydroxamic acid or a 
phosphonic group which can be converted into an ester; 

R 2 represents a hydrogen atom, a lower alkyt group, a phenyl lower alkyl group, a lower alkoxy group or a phe- 
nyl lower alkoxy group, and each phenyl ring of the phenyl lower alkyl group and the phenyl lower alkoxy group 
caivbe substituted by a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a tower 
alkylenedioxy group, a nitro group, an amino group or a lower alkyfamino group 

R represents a lower alkyt group or a phenyl lower alkyl group, and the phenyl ring of the phenyl lower alkyl 
group can be substituted by a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group or a 
lower alkylenedioxy group; 
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as, 



R represents a carboxyl group which can be converted into an ester, an amide or a hydroxamic acid or a 
pnospnonic group which can be converted into an ester; 
R 4 represents a group represented by the general formula [XI]. [XII] or [XIII]. 





[XIII] 

wherein 



Sl ePr ^.? nt ^ hydr ° flen atom ' 3 hal09en a,0m ' 8 l0wer alkyl a W™** 9«>up. a lower alkoxy group, a 
tower alkylenedioxy group, a nrtro group, an amino group or a lower alkylamino group- 

R represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group! a lower alkoxy group a 

^"SSS^ 9r0UP ' *"* ™ amin ° 9mUf> ' 8 ,wer a'Maminogroup,aphenyl group which can 
have a atebtuent or a naphthyl group which can have a substituent. and the substituent is a halogen atom, a 

.^^ roXy 9r ° UP, a ' Wer alk0Xy flroup ' a ,ower alkylenedioxy group, a nitro group, an amino 
group or a lower alkylamino group; 

!.^ entS i hydr ° 96n at ° m ' 8 hal0gen at0m ' a l0wer ^ 0"* a Wmxy group, a lower alkoxy group, a 
tower alkylenedioxy group, a nrtro group, an amino group or a lower alkylamino group- 

" ^ff 11 " hydr °9 en atom - a na togen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 
tower aJkylenedioxy group, a nrtro group, an amino group, a lower alkylamino group, a phenyl group which can 
have a substituent or a naphthyl group which can have a substituent, and the substituent is a halogen atom a 

SZi^ fy 0 ** *"* 8 ' Wer alkDXy 9r0UP ' 3 ,0wer a ' Wenedioxy group, a nitro group, an amino 
group or a lower alkylamino group; \. ■ 

R !° repr ®? e " te atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, 

a lower alkylenedioxy group, a nitro group, an amino group, a lower alkylamino group, a phenyl group which 
can have a substituent or a naphthyl group which can have a substituent. and the substituent is a halogen 
atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy group, a nitro group an 
amino group or a lower alkylamino group; «S'°"P.«n 
"A" represents a tower alkylene group; and 
"n" represents 0 or 1 . 

A compound represented by the general formula [fj or a salt thereof. 



42 



EP 0 798 291 A1 



i.j 0 (A) v 



wherein 



. J/^T* ! Carb ° Xyl 8r0Up ""'^ ran be converted into a lower alkyl ester, a lower alkanoytamino-lower 
alkylester. a phenyl lower alkyl ester, a phenyl ester or an indanyl ester; a carboxyl group which can be con- 
verted into an amide with ammonia, a lower alkylamine or a phenyl lower alkylamine; a carboxyl group which 
can be converted into a hydroxamic acid; or a phosphonic group which can be converted into a lower alkyl 
ester and each phenyl ring of the phenyl tower alkyl ester, the phenyl ester and the phenyl lower alkylamine 
can ^be substituted by a halogen atom, a tower alkyl group, a hydroxy group, a lower alkoxy group, a lower 
alkylenedtoxy group, a nitro group, an amino group, a tower alkyl amino group or a lower alkanoyiamino group- 
ie represents a hydrogen atom, a lower alkyl group, a phenyl lower alkyl group, a lower alkoxy group or a phe- 
nyl lower alkoxy group, and each phenyl ring of the phenyl lower alkyl group and the phenyl lower alkoxy group 
can be substituted by a halogen atom, a tower alkyl group, a hydroxy group, a lower alkoxy group, a tower 
alkylenedioxy group, a nitro group, an amino group or a lower alkylamino group- 

R* represents a lower alkyl group or a phenyl lower alkyl group, and the phenyl ring of the phenyl lower alkyl 
group can be substituted by a halogen atom, a lower alkyl group, a hydroxy group, a tower alkoxy group or a 
lower alkylenedioxy group; 

R* represents a carboxyl group which can be converted into a lower alkyl ester, a lower alkanoylamino-lower 
alWester. a phenyl tower alkyl ester, a phenyl ester or an indanyl ester; a carboxyl group which can be con- 
verted into an amide with ammonia, a lower alkylamine or a phenyl lower alkylamine; a carboxyl group which 
can be converted into a hydroxamic acid; or a phosphonic group which can be converted into a lower alkyl 
!f er ' and ^^t nyl ring * the p he ny| lower alkyl ester, the phenyl ester and the phenyl lower alkylamine 
T, 0! bsWuted *V a hato B en atorn « a alkyl group, a hydroxy group, a lower alkoxy group, a lower 
aJkylenedioxy group, a nitro group, an amino group, a tower alkylamino group or a lower alkanoyiamino group- 
R represents a group represented by the general formula [XQ, [XltJ or [Xlll] 






( XIII 1 



wherein 

R 6 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group a 
lower alkylenedioxy group, a nitro group, an amino group or a lower alkylamino group- 
R representee hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 
wwer alkylenedioxy group, a nitro group, an amino group, a lower alkylamino group, a phenyl group which can 
have a substrtuent or a naphthyl group which can have a substituent. and the substituent is a halogen atom, a 
lower alkyl group, a hydroxy group, a lower alkoxy group, a lower alkylenedioxy group, a nitro group, an amino 



43 



EP 0 798 291 A1 

group or a lower alkylamino group; 

loll?! ydr09e " at ° m ' 3 ha,09en at ° m " 3 ,0Wer alkyl BW * a Wmxy group, a lower alkoxy group, a 
tower alkylenedioxy group, a nrtro group, an amino grotp or a lower alkylamino group- 

loweTS^LT ""i 8 hal096n ^ 3 ' Wer alkyl 9roup ' a 9«>"P a lower alkoxy group, a 

R" represents a hydrogen atom, a halogen atom, a lower alky group, a hydroxy otoud a lower alien™ nm. m 
a lower alkylen^ioxy group, a nitro group, an amino group. ^-JKSfSSS 
Sn^ll ° r 8 naphth> ' ! ^ *** 080 »«• a and me subsStuent is a w22 

A represents a lower alkylene group; and 
"n" represents 0 on. 

A compound represented by the general formula [I] or a salt thereof. 

f R 3 

yV rS 
hi ° (a v 

wherein 

R 1 represents a carboxyt group which can be converted into a lower alkyl ester a lower alkanoviaminn 
alkyl este. a phenyHower alky, ester, a .ower alkoxyphenyl ester. *Z?^o£"CSZT™ 

T^^^ *T *** <*" *» mmen6d into an with ammoiSrSfirflSJ 55 
can be converted ,nto a hydroxamic acid; or a phosphonic gro* which can be converted^ Z X 



n^IcT^ 

R* represents a lower alkyl group or a phenyl tower alkyl group- 

S^ 6 ^ 86 " 18 i 9r0up **** 080 be converted int0 a 'k>» & alkyl ester, a lower alkanoylamino-lower 

Sn^S J ^ 8 tower ester, a lower *L££E£ tEZZ 

R 4 represents a group represented by the general formula [XQ. [Xir] or pcuq. 






f XIII I 
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wherein 

R* represents a hydrogen atom or a nitro group; 

R 7 represents a hydrogen atom, a halogen atoni, a lower alky! group, a hydroxy group, a lower alkoxy group, i 
nitro group, an amino group or a phenyl group; 
R 8 and R 9 each represents a hydrogen atom; 

Ft 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group; 
"A" represents a lower alkylene group; and 
"n" represents 1 . 

4. A compound represented by the general formula [0 or a salt thereof, 

R 2 R 3 

^* * 



(IJ R 



wherein 



Sl^T 6 t 03 *?^ flroup which <*" be ^rted into a lower aikyl ester, a lower alkanoylamino^ower 
8 '° Wer ^ eSter> a ,ower a'taKVPhenyl ester, a lower alkanoylaminophenyl ester or an 
■ndanyl ester; a carboxyl group which can be converted into a hydroxamic acid; or a phosphonic group which 
can be converted into a lower alkyl ester; 

g represents a hydrogen atom, a lower alkyl group, a phenyl lower alkyl group or a phenyl lower alkoxy group; 
R 3 represents a lower alkyl group; / 

R 5 represents a carboxyl group which can be converted into a lower alkyl ester, a phenyl tower alkyl ester or a 
lower alkanoylaminophenyl ester; 

R 4 represents a group represented by the general formula [XQ, [XII] or [XIII] 






[XIII] 



wherein 

R 6 represents a hydrogen atom or a nitro group; 

£ '^* nts * h y dr °9 en atom - a ha, °gen atom, a lower alkyl group, a lower alkoxy group or a phenyl group; 
R and R* each represents a hydrogen atom; 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group; 
"A" represents a lower alkylene group; and 
"n" represents 1. 

^IT^L 3 ^ mer ^l? aimed ln daim 4 ' Wherein Rl represents a 9™P can be con- 

verted ,nto an ethyl ester, a butyl ester, an isopropyl ester, an isobutyl ester, a tert-butyl ester, an acetamidoethyl 
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ester, a benzyl ester, a methoxyphenyl ester, an acetamidophenyl ester or an indanyl ester; a carboxyi group which 
can be converted into a hydroxamic acid; or a phosphonic group which can be converted into an ethyl ester, R 2 rep- 
resents a hydrogen atom, an isopentyl group, a benzyl group, a phenethyl group, a phenylpropyl group, aphenyl- 
butyl group or a benzyloxy group. R 3 represents an isobutyl group, R 4 represents a biphenylyl group, a 
fluorobiphenylyl group, a chlorobiphenyly group, a methylbiphenylyl group, a methoxybiphenylyl group, a nitrobi- 
phenylyl group, a terphenylyl group, a naphthytphenyt group, a naphthyl group, a bromonaphthyl group or a meth- 
oxynaphthyl group, R 5 represents a carboxyi group which can be converted into a methyl ester, a benzyl ester or 
an acetamidophenyl ester, and "A" represents a methylene group. 

A compound represented by the general formula [0 or a salt thereof, 

R 2 R 3 



wherein 



8. 



R 1 represents a carboxyi group which can be converted into a lower alkyt ester, a phenyJ lower alkyl ester a 
lower alkoxyphenyl ester or an indanyl ester; 

R 2 represents a hydrogen atom, a lower alkyl group, a phenyl lower alkyl group or a phenyl lower alkoxy group- 
R J represents a lower alkyl group; 

R* represents a carboxyi group which can be converted into a lower alkyl ester or a phenyl lower alkyl ester; 
R represents a group represented by the general formula [XI] or [XIII]. 





(XIII] 



wherein 

R 6 represents a hydrogen atom; 



R represents a hydrogen atom, a halogen atom, a lower alkoxy group or a phenyl group; 
R represents a hydrogen atom or a lower alkoxy group; 



"A" represents a lower alkylene group; and 
"n" represents 1. 



7. The compound or a salt thereof as claimed in claim 6, wherein R 1 represents a carboxyi group which can be con- 
verted into an ethyl ester, a butyl ester, an isopropyi ester, an isobutyl ester, a tert.-butyl ester, a benzyl ester, a 
methoxyphenyl ester or an indanyl ester, R 2 represents a hydrogen atom, an isopentyl group, a benzyl group a 
phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group, R 3 represents an isobutyl group 
R represents a biphenylyl group, a fluorobiphenylyl group, a methoxybiphenylyl group, a terphenylyl group a 
naphthyl group or a methoxynaphthyl group, R 5 represents a carboxyi group which can be converted into a methyl 
ester or a benzvl ester, and "A" rpnrpcpnk a mothviana nm . m 



ester or a benzyl ester, and "A" represents a methylene group. 

The compound or a salt thereof as claimed in claim 2, wherein R 4 represents a group represented by the general 
formula [XI], [XII] or [XIII], 
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I XIII] 
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35 



wherein 

R 6 represents a hydrogen atom or a nitro group; 

R 7 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 

nitro group, an amino group or a phenyl group; 

R 8 and R 9 each represents a hydrogen atom; and 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group. 

9. The compound or a salt thereof as claimed in claim 2. wherein R 4 represents a group represented by the general 
formula [XI], [XII] or [XIII], 




40 





45 



wherein 



R 6 represents a hydrogen atom or a nitro group; 

R I raprewnte a hydrogen atom, a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group; 

R 8 and R 9 each represents a hydrogen atom; and 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group. 

1 0. The compound or a salt thereof as claimed in claim 2, wherein R 4 represents a biphenylyl group, a f luorobiphenylyl 
group, a chlorobiphenylyl group, a methylbiphenylyt group, a methoxybiphenylyl group, a nitrobiphenylyl group, a 
terphenyfyl group, a naphthylphenyl group, a naphthyl group, a bromonaphthyl group or a methoxynaphthyl group. 

11. The compound or a salt thereof as claimed in claim 2, wherein R 4 represents a group represented by the general 
formula [XI] or [XIII], 
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wherein 



R s represents a hydrogen atom; 

represents a hydrogen atom, a halogen atom, a lower alkoxy group or a phenyl group- and 
R represents a hydrogen atom or a lower alkoxy group ~ ' 

12. The compound or a salt thereof as claimed in daim 2. wherein R 4 represents a biphenylyl group, afluorobiphenyly) 
group, a methoxybiphenylyl group, a terphenytyl group, a naphthyl group or a methoxynaphtnyl group. 

1 aS < g^uT nd " 8 Salt,here0, 88 ° laimed in daim 2> Wherein ^ resents a lower alkyl group or a phenyl lower 

14. The compound or a salt thereof as claimed in claim 2. wherein R 3 represents an isobutyl group. 

1S " o^ Sa " ,he I re0,aS 1 ^ imed daim Z Wheran R2 re P resente a ^en atoma lower alkyl group, 

a phenyl lower alkyl group, lower alkoxy group or phenyl lower alkoxy group. 

a benzyl group, a phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group 

1 7 * v^To? ° f 8 th ! r60f f C ' aimed in Claim 2l Wherein R1 represents a carboxyl group which can be con- 
nhS ? a,k 2 eSte . f ' 8 ,0wer al^noylamincHower alkyl ester, a phenyl lower alkyl ester, a lower alkoxy- 
ET*iTV ^ ester or an indanyl ester; a carboxyl group which can be converted iS) 

Z*?* k amm °"V a :. a 9 rou P which can be converted into a hydroxamic acid; or a phosphonic group 

S?S,^ a>n T d "S' ^ alky ' GSter ' 81X1 re P resente a gro* which can be Verted Sol 

lower dkyl ester, a lower alkanoylamino-tower alkyl ester, a phenyl lower alkyl ester, a lower alkoxyphenyl ester a 
tower a ^noy 1 am 1 nopheny. ester or an indanyl ester; a carboxyl group which" an be converted^ ZT^ 
ammonia; or a carboxyl group which can be converted into a hydroxamic acid. 

1 8 ' ^T"? ° r 8 S ttiere ° f aS daimed in claim 2 - ""erefn Rl resents a carboxyl group which can be con- 
T a,k 2 3 ,OWer a'to^ylamincHower alkyl ester, a phenyl lower alkyl ester, a lower alkoxy- 

TS<£l VZZ* ka ^ n ° Phenyl ° T a " indany1 6Ster: a °™P can be converted 1 

ahydroxarracacd, or a iphosphonic group which can be converted into a lower alkyl ester, and R 5 represents a car- 
eer PWh,Ch 08066 con,wled into a, °*er alkyl ester, a phenyl lower alkyl ester or a IweraJkanoylaminophe- 

19 ' ^^T 11 "^ ? Salt th6re0f BS daimed in claim *• "herein R 1 represents a carboxyl group which can be con- 
verted ,nto an ethyl ester, a butyl ester, an isoprcpy. ester, an isobutyl ester, a tert.-buty. ester, an acetamdoSny. 

SnLS^w 8 m !!! 0XyPhenyl e ! ter ' a " acetamid0 P ha "y ester or an indanyl ester; a carboxyl group which 
can be converted ,nto a hydroxarmc aod; or a phosphonic group which can be converted into an ethyl ester, and 
^represents a carooxyl group which can be converted into a methyl ester, a benzyl ester or an acetamidophenyl 

2 °" 1 Il!^ 0 T >U ? d ° f 3 83)1 there0f as daimed in claim 2 - R1 represents a carboxyl group which can be con- 

resents a carboxyl group which can be converted into a lower alkyl ester or a phenyl lower alkyl ester. 

21 ' ^^T^^irrfJ^^ in daim ? • Wherein R1 represente ^ich can be con- 

verted mto an ethyl ester, a butyl ester, an isopropyl ester, an isobutyl ester, a tert.-butyl ester, a benzyl ester, a 
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methoxyphenyl ester or an indanyl ester, and R 5 represents a carboxyl group which can be converted into a methyl 
ester or a benzyl ester. 

The compound or a salt thereof as claimed in claim 2, wherein R 3 represents a lower alkyi group or a phenyl lower 
alkyl group; and R 4 represents a group represented by the general formula [XI]. [XII] or [XIII], 



R 6 




wherein 



R 6 represents a hydrogen atom or a nitro group; 

R 7 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 

nitro group, an amino group or a phenyl group; 

R 8 and R 9 each represents a hydrogen atom; and 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group. 

The compound or a salt thereof as claimed in daim2, wherein R 3 represents a lower alkyl group, and R 4 represents 
a group represented by the general formula [XI], [XIQ or [XIII], 



R 6 





wherein 



R 6 represents a hydrogen atom or a nitro group; 

R I repre ^ nts a hv <frogen atom, a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group; 

R and R* each represents a hydrogen atom; and 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group. 



49 



EP 0 798 291 A1 

The compound or a salt thereof as claimed in claim 2, wherein R 3 represents an isobutyl group, and R 4 represents 
a biphenylyl group, a f luorobiphenylyl group, a chlorobiphenylyl group, a methylbiphenylyl group, a methoxybiphe- 
nylyl group, a nitrobiphenylyl group, a terphenylyl group, a naphthylphenyl group, a naphthyl groip, a bromonaph- 
thyl group or a methoxynaphthyl group. 

The compound or a salt thereof as claimed in claim 2, wherein R 3 represents a lower alky! group and R 4 represents 
a group represented by the general formula JXIJ or [XIII], 




wherein 

R 6 represents a hydrogen atom; 

R^ represents a hydrogen atom, a halogen atom, a lower alkoxy group or a phenyl group; and 
R represents a hydrogen atom or a lower alkoxy group. 

>. The compound or a salt thereof as claimed in claim 2, wherein R 3 represents an isobutyl group, and R 4 represents 
a biphenylyl group, a fluorobiphenylyl group, a methoxybiphenylyl group, a terphenylyl group, a naphthyl orou> or 
a methoxynaphthyl group. 

f . The compound or a salt thereof as claimed in claim 2. wherein R 2 represents a hydrogen atom, a lower alkyl group 
a phenyl lower alkyl group, a lower alkoxy group or a phenyl lower alkoxy group, R 3 represents a lower alkyl group 
or a phenyl lower alkyl group, and R 4 represents a group represented by the general formula [XI], [XIII or [XIIIJ, 



R 6 




wherein 



R 6 represents a hydrogen atom or a nitro group; 

R 7 represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy group, a lower alkoxy group, a 

nitro group, an amino group or a phenyl group; 

R 8 and R 9 each represents a hydrogen atom; and 

R 10 represents a hydrogen atom, a halogen atom or a lower alkoxy group. 

2a The compound or a salt thereof as claimed in claim 2, wherein R 2 represents a hydrogen atom, a lower alkyl group 
a phenyl lower alkyl group or a phenyl lower alkoxy group, R 3 represents a lower alkyl group, and R 4 represents a 
group represented by the general formula [XQ, [XII] or [XIIIJ, 
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70 



75 




[XIII i 



so 



wherein 



25 



R 6 represents a hydrogen atom or a nitro group; 

£ represents a hydrogen atom, a halogen atom, a lower alkyl group, a lower alkoxy group or a phenyl group; 

and R 9 each represents a hydrogen atom; and 
R represents a hydrogen atom, a halogen atom or a tower alkoxy group. 

29. The compound or a salt thereof as claimed in claim 2. wherein R 2 represents a hydrogen atom, an isopentyl group 
a benzyl group, a phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group. R 3 represents 
a £- ,S rT f 00 "' * re P resents a biphenylyl group, a f hiorobiphenylyl group, a chlorobiphenylyl group, a meth- 

30 ylbiphenylyl group, a methoxybiphenylyl group, a nitrobiphenylyl group, a terphenylyl group, a naphthytphenyl 
group, a naphthyl group, a bromonaphthyl group or a methoxy naphthyl group. 

30. The compound or a salt thereof as claimed in claim 2. wherein R 2 represents a hydrogen atom, a lower alkyl group 
a phenyl lower alkyl group or a phenyl lower alkoxy group. R 3 represents a lower alkyl group, and R 4 represents a 

35 group represented by the general formula [XI] or [XIII]. ^ 



40 





(XIII ] 



45 



SO 



55 



wherein 

R 6 represents a hydrogen atom; 

R* represents a hydrogen atom, a halogen atom, a lower alkoxy group or a phenyl group; and 
R represents a hydrogen atom or a lower alkoxy group. 

31 . The compound or a salt thereof as claimed in claim 2, wherein R 2 represents a hydrogen atom, an isopentyl group 
a benzyl group, a phenethyl group, a phenylpropyl group, a phenylbutyl group or a benzyloxy group R 3 represents 
an isobutyl group, and R< represents a biphenylyl group, a f luorobiphenylyl group, a methoxybiphenylyl group a ter- 
phenylyl group, a naphthyl group or a methoxynaphthyl group. 

32. 3K4-Biphenytyl)-2-p-(2-cato^ add or a ^ tn^f 

33. 3-(4-Biphenylyl)-2-[3-(2-car^^ acid or a ^ thereof 
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34. 3K4-Biphenylyl)-2-[3-(2.carboxy^heny acid or a salt thereof. 

35. 2-[3-(2-Benzyl(jxy-2-carboxyethyl)-3HSobutylureictoJ-3-(4*ip acid or a salt thereof. 

36. 2-[3K2<^rtMxye%l)-3-isctoutylureido]-3-{2-naphthyl)propionic acid or a salt thereof. 

37. 2-[3-(2<)arboxy^i3henylbiity^ acid or a salt thereof. 

38. (2S)-3-(4-Biphenylyl)-2-[3-(2-cartra^ acid or a ^ thereof 

39. (2S)-3-(4-Biphenylyl)-2-[3-(2-butoxycarbontf^^ acid or a salt thereof. 

40. An endopepMase 24.1 1 inhibitor comprising the compound or a salt thereof as claimed in claims 1 to 39 as an 
active ingredient. 

41. A therapeutic agent for a disease selected from cardiovascular disease, renal disease, gastroenteric disorder pain 
endocrine and metabolic disease, and autoimmune disease, comprising thecompound or a salt thereof as claimed 
in claims 1 to 39 as an active ingredient 

42. A therapeutic agent for a disease selected from heart failure, hypertension, renal failure, diarrhea, hyperchlorhy- 
dr,a, myosalgia. migraine, obesity and rheumatic disease, comprising the compound or a salt thereof as claimed in 
claims 1 to 39 as an active ingredient. 

43. A therapeutic agent for cardiovascular disease comprising the compound or a salt thereof as claimed in claims 1 to 
39 as an active ingredient 

44. A therapeutic agent for heart failure comprising the compound or a salt thereof as claimed in claims 1 to 39 as an 
active ingredient. 

45. A therapeutic agent for hypertension comprising the compound or a salt thereof as claimed in claims 1 to 39 as an 
active ingredient. 
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